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1. INTRODUCTION
Bilateral vocal cord immobility (BVCI) is a term used to describe vocal cords that are 
restricted secondary to neuropathy, muscular disorders, or mechanical fixation (MF) [1]. The 
moderate to severe dyspnea generally requires surgical intervention. Their solution is 
considered to be one of the most difficult fields in laryngology. In the past decades several 
open and endoscopic surgical techniques were introduced for the treatment. It is a ‘hot topic’, 
according to the PubMed database 1975 publications have been listed under only the label, 
the ‘‘bilateral vocal cord/fold paralysis’’ until now. 
Our work group has been working on the treatment of upper airway stenosis for more than 
20 years. We published various surgical solutions [2-8] for stenosis of different etiology: uni- 
and bilateral vocal cord paralysis and mechanical cricoarytenoid joint’s fixation causing 
posterior glottis stenosis. The ‘key factor’ of our surgical concept is a glottis enlarging 
technique, the endoscopic arytenoid abduction lateropexy (EAAL) [2]. The mobile or 
mobilized arytenoid cartilage is tilted and fixed into its physiologically most abducted 
position, which cause large ‘glottis opening’, vocal cord lateralization. In vocal cord paralysis 
the procedure produce immediately wide airway, in case of glottic stenosis the bilateral 
temporary lateralization prevents restenosis. 
In previous cadaver studies [3, 4] EAAL was compared to other popular glottis enlarging 
techniques. It proved its efficacy: provided the largest glottic space, the postoperative glottis 
configuration was beneficial to preserve the patients’ voice quality. In the past years more 
than 400 patients were treated successfully with EAAL, our clinical results were accepted for 
publication in prestigious journals as well. We introduced a complex clinical results’ [3, 4] 
evaluation panel for these surgeries (spirometry, phoniatric tests, Quality of Life 
Questionnaire).  
However, to perform a perfect arytenoid abduction the ideal lateralization suture position is 
necessary. Nevertheless, in vivo the correct creation of this fixating loop location is 
practically impossible by existing needle carrier devices or through externally inserted 
needles. Therefore, a new endoscopic thread guide instrument (ETGI) was designed [2]. The 
configuration of male, female and pediatric larynges is so different, that no single device is 
suitable for all. Modern, high resolution imaging techniques (MRI and CT) provide really 
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good opportunity for measuring the most important parameters of laryngeal configuration in 
living subjects relatively easily. The other option would be a cadaver study, however, besides 
the well-known technical and legal problems; in these cases the post mortem changing and 
destruction of tissues deteriorate the results.  
These images could help to optimize ETGI device with different size and shape for males, 
females and also for young children, because the difficulties arisen from the wide variety of 
laryngeal configurations require different endolaryngeal parts of the device. These parts are 
commutable, this study makes it possible to design different sizes of blades and stems which 
overlap these laryngeal individualities. 
In our team’s earlier publications we have introduced the efficacy of this concept on adults. 
In the second, clinical part of the study I would like to demonstrate the results of our concept 
in the most difficult and vulnerable population, in the neonatal larynx. 
During my active working period in the Department of Otorhinolaryngology, Head and 
Neck Surgery, University of Szeged from 1998 till 2001 under the supervision of Professor 
Jenő Czigner, Professor József Jóri and Professor László Rovó, I joined the ‘airway stenosis 
surgical team’. I participated in several different upper airway stenosis surgeries. 
One of my main tasks was the endoscopic examination of the complex movement of 
cricoarytenoid joint and analysis of cervical configuration in order to introduce the 
Endolaryngeal Thread Guide Instrument (ETGI) for EAAL. Commutable parts and blades 
were designed for the instrument suitable for almost all laryngeal configurations. In my 
opinion it has opened new doors and provided a great opportunity for minimal invasive 
microlaryngeal surgery. 
1.1. GLOTTIS STRUCTURES’ LATERALIZATION PROCEDURES 
The history of SURGICAL PROCEDURES [66] includes the followings: 
• resection of anatomical structures
• retailoring and displacing the existing structures, with minimal tissue removal
• displacing existing structures, without tissue resection
• restoration or substitution of the missing innervations of the laryngeal musculature
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Procedures, which utilize suture loop(s) for lateralization of glottis structures alone or in 
combination with other resection methods, can be traced back to the beginning of the 20th 
century [11]. 
1.1.1. Extra-laryngeal approach 
Erwin Payr (Vienna) [11] described the endo-external procedure and the paralyzed vocal 
cord was sutured to the thyroid ala. Rethi [11] found the outcome of this procedure uncertain, 
however, in his first suggested procedure it was applied as part of his concept in 1922. Via 
laryngofissure (median splitting of thyroid and cricoid cartilage) approach a curved incision 
was made starting from the incisura interarytenoid below the vocal cord then the lateral 
thyroarytenoid, the interarytenoid and the lateral cricoarytenoid muscles were exstirpated. The 
cricoarytenoid joint was opened, well preserving the arytenoid cartilage and the overlying 
mucosa. In one of his modifications after muscle extirpation the overlying mucosa and the 
arytenoid were adapted and sutured temporarily over a rubber tube placed on the skin of the 
neck for days till the healing process was completed. The mobilized arytenoid cartilage was 
turned with the vocal process in lateral position in this way. External procedures made from 
lateral approach (lateral trans-thyroid or behind the posterior edge of thyroid cartilage) have 
become more popular. These procedures left the mucosal line intact so the risk of infection 
could be diminished which was a significant factor especially before the modern antibiotic 
era. Moreover, the direct targeting of arytenoid cartilage (partial or complete arytenoidopexy) 
provided better results: dilating more effectively the respiratory glottis and left the phonatory 
structures mainly intact.  
One of the earliest techniques is King’s transposition of the omohyoid muscle to the 
arytenoid cartilage [12], which could produce only a passive abduction not the improved 
motility, as it was primarily expected. Woodman [13] suggested the suturing of the vocal 
process to the inferior horn of thyroid cartilage following subtotal arytenoidectomy. Newman 
[14] used a window on the thyroid ala at the level of the thyroid joint for the lateralization of 
the vocal process. The vocal cord remained at the level of the contralateral side facilitating a 
better voice production. The later modifications with the complete preservation of the 
arytenoid cartilage have become popular from the 1970’s. These techniques leave the 
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laryngeal mucosa maximally undisturbed, so in 50-80% of the cases preliminary tracheotomy 
became unnecessary [9, 15] which was considered to be obligatory in the earlier interventions. 
Schobel's technique [9] consists of preservation of the posterior crico-arytenoid ligament as 
a hinge as well as turning and tilting of the arytenoid cartilage laterally. It is held in this 
position with three permanent retention sutures, two of them armed with heavy knots. These 
knots reinforced the lateral rotation of the arytenoid cartilage. These sutures run in the sub 
mucosa horizontally along the anterior surface of the arytenoid cartilage and are fixed through 
burr holes on the posterior margin of the thyroid cartilage. In the majority of cases the 
operation could be performed under local anesthesia, which helped to establish proper voice 
function.  
In 2007, Woodson and Weiss [16] described a simplified surgical method for this concept 
considering the physiological abduction axis of the joint attaching the muscular process of the 
arytenoid by a suture to the inferior horn of the thyroid cartilage. This leaves largely intact the 
periarytenoid musculature, which might be advantageous for the dynamic voicing in partial 
recovery of paralyzes. These latter, really effective procedures seem to be advantageous even 
in pediatric cases, although their application is generally not the first of choices nowadays 
because of the relatively long and challenging surgical intervention, their high tracheostomy 
dependency and their potentially low reversibility. 
1.1.2. Endolaryngeal Approach 
Cancura [17] in 1969 reported on endoscopic laterofixation technique with wires passed 
through under and over the vocal cord from the laryngeal cavity out to the skin by a bend pipe 
and a drill. Then a third wire was pulled in through the oral cavity into the larynx and out of 
the skin by knotting its ends to the previous ones. This made a creation a lateralizing wire 
loop possible.  
In the clinical practice ten years later Kirchner [18] introduced the endolaryngeal 
lateralization of the vocal ligament after the removal of a pre-assessed amount of 
thyroarytenoid muscle with laryngeal microcautery. A temporary suturing technique was 
described with guided nylon sutures by two externally inserted needles. An endoscopic 
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guided the nylon thread from the lower needle to the upper one to form a loop around the 
vocal process. After the withdrawn of the needles padded buttons were used plus lead fishing 
sinkers to adjust the tension and secure these sutures on the surface of the neck. In his study, 
all patients required tracheostomy.  
Ejnell et al. [19] reported on his first case series with a similar technique of permanent 
simple suture lateralization but without any resection of glottic structures. The thread was 
tightened just outside of the cartilage from a larger external incision. Using a small 
endotracheal tube the tracheostomy could be avoided. The long term reliability was also 
proven by the team [20]. 
In 1983, Lichtenberger [21] introduced a needle carrier device (Richard Wolf Medical 
Instruments, Knitlingen, Germany), which was designed for his endo-extralaryngeal concept. 
The procedure was capable of passing a needle and suture endolaryngeally through the 
thyroid to the skin, significantly simplifying and making the loop creation around the vocal 
processs more precise [5, 22-24]. 
In 1997, Jóri et al. [23] reported on a successful application of a modification of the 
Lichtenberger’s procedure for acute vocal cord immobility. The effect was essentially similar 
to Ejnell et al.’s [19, 25] method but their cases demonstrated that the fixing thread could be 
inserted more easily and precisely this way. The fixing thread was buried and knotted above 
the prelaryngeal muscles from a 1 cm skin incision instead of the originally suggested 5-6 cm, 
[25, 26] so the atrophy of the cartilage could be avoided without the use of an external 
silicone platelet. 
The more than twenty-year experience with this concept, however, has revealed the 
possible complications as well. According to Tucker [27] the major drawback is the slipping 
of suture and tearing the mucosal part of the vocal cord resulting in remedialization in the 
long run.  
For reducing the rate of the compilation and achieving better surgical results the exact 
movements of cricoarytenoid joint were studied. 
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1.2. ANALYSIS OF CRICOARYTENOID JOINT MOVEMENT 
Going back to the history of CAJ movement Galenus (A.D 130-201) explained the closing 
and opening of the larynx by medial and lateral gliding of the arytenoid cartilages on the joint 
part of the cricoid cartilage [28]. Willis, in 1829, described the motion of the joint as a 
forward and backward rocking of the CAJ [29]. Morris, Mcmurrich [30] and Piersol [10] 
described it as the combination of three separate movements, forward- backward, outward and 
inward gliding and rotating and twisting around a vertical axis in 1907. In the international 
literature the well-known theory that explained the motion of the joint as a turning around a 
simple vertical axis comes from Negus (1929) [31]. Sonneson [32], Von Leden and Moore 
[33], Ardran and Kemp [34] , Fink [35] described more complex rotational movement of CAJ.  
Wang [36] has convincingly demonstrated that during abduction the lateral sliding motion 
of the vocal process is accompanied by an upward and occasionally slightly posterior 
movement simultaneously, with the arytenoid cartilage turning laterally and upward on the 
cricoid cartilage facet. On full abduction the arytenoid cartilage lies laterally at the upper and 
outer cricoid facet, having moved superiorly, posteriorly, and laterally.  
These - more or less contradictory - theories are generally based on the top-view picture of 
the larynx during motion, on the examination of only a few anatomical preparations, on 
passive movement of the joint or electric stimulation of isolated intrinsic muscles of the 
larynx. The hidden position and the soft tissues covering the joint do not allow direct 
examination. 
In a previous publication digitally processing the shots made by endoscopes, analyzing and 
averaging the images, the changing positions of the arytenoid cartilage during ab- and 
adduction were shown. Adding the results to the findings of modern anatomical examination 
we could define the realistic movements of CAJ [7]. 
1.3. ENDOSCOPIC ARYTENOID ABDUCTION LATEROPEXY (EAAL) 
Endoscopically inserted suture which directly lateralizes the arytenoid cartilage to the 
normal physiological abducted position [2] may provide long-term dependable results.  
	7	
In our earlier cadaver studies, performed on one hundred fresh cadaver larynges, we 
proved that EAAL provided the most beneficial glottis configuration compared to other suture 
lateralizing techniques [3, 4]. In vivo larger glottic gap, and larger posterior commissure angle 
might lead to better breathing; smaller anterior commissure angle and tensed vocal cords 
might preserve better the patients’ voice.  
Nevertheless, in vivo the correct creation of this more posterior fixating loop location is 
practically impossible through an externally inserted needle [19] or by the original 
Lichtenberger’s device [21] because the thyroid cartilage is more dense in that area. 
For this reason a new thread guide instrument has been designed for safe, accurate, and 
fast suture loop creation for the endoscopic arytenoid abduction lateropexy (EAAL) [2].  
The efficacy of this device, the postoperative clinical results mainly depends on the 
maneuverability in the larynx and the ideal suture position for tilting the arytenoid joint into 
abducted position. The anatomy of male, female and children larynx is so different that no 
single instrument would suit for them. The laryngeal size, shape, thickness and density of 
cartilages differ very much.  
Analysis of the high resolution cervical CT scans provides good possibility for non- 
invasive measurement of the laryngeal structures. Based on this study different size blades for 
male’s, female’s and children’s larynx were designed. With this instrument in the past years 
more than 300 adult BVCP patients were treated by EAAL. Similar clinical results could be 
achived as we had in cadaver studies. Our surgical methods and clinical results introduced for 
adult BVCI were published in prestigious journals. 
1.3.1. A New Thread Guide Instrument for Endoscopic Arytenoid Lateropexy 
The principle of the endolaryngeal thread guide instrument (ETGI) is the utilization of a 
built-in, movable curved blade with a hole at its tip (Fig. 1) allowing a suture thread to be 
guided in and out between the exterior surface of the neck and the internal laryngeal cavity. 
The stem of the instrument is a rigid steel pipe, curved at its distal, blade-holding end, created 
to fit into midsized, closed laryngoscopes. The second component is a rod, largely cased 
within the steel pipe stem. At the uncased proximal end of the rod is a freely rotating finger 
clip. At the distal end of the rod is the curved blade, appropriately designed to fit the 
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curvature of its stem casing. The connection between the blade and the rod is fixed but 
flexible, ensuring forceful blade movement on exit and re-entry of the curved stem end. The 
pull and push of the finger clip (with the thumb) causes the in-and-out blade movement from 
the stem end. At rest, the blade is inside the curved stem end. The third component of the 
instrument is the ergonomic handle, which also serves as a shaft to hold the instrument in a 
straight position. The steel stem of the instrument is fixed to the handle with a clamping screw 
after turning it to the desired direction. The structural rigidity of the ETGI ensures easy 
penetration through the thyroid cartilage. The device has the approval of the Hungarian 
Health Care Institute [37]. 
.
Figure 1: The endolaryngeal thread guide instrument (ETGI).  
The parts of the ETGI (the blade is pushed out). b = The built-in, movable, curved blade in a pushed-
out position with a hole at its tip. s = steel pipe stem; r= rod; h= handle; c = clamping screw; f = 
finger clip 
1.3.2. Surgical procedure 
General anesthesia combined with supraglottic jet ventilation is suggested. For the sake of 
maneuverability, the larynx is exposed with a Weerda laryngoscope (Fig. 2A) or with a 
Macintosh laryngoscope (in three females with difficult direct laryngoscopy). In cases of MF 
a strong, right-angled, saber-shaped scythe designed by our team is used for dividing the 
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adhesions in CAJ, which is completed with CO2 laser scar excision in posterior glottic 
stenosis (PGS) [8]. In cases of BVCP unilateral EAAL was performed, and in cases of MF 
bilateral EAAL was performed.  
Figure 2: Intraoperative pictures of a 67-year-old female  
Pictures demonstrate the efficacy of the method even in a small female larynx (see detailed explanation in the 
text); ends of threads situated under the vocal process (u); ends of threads situated over the vocal process (o) 
are just being pulled back (p) under the skin through a small skin incision by a Jansen hook [2] 
Figure 3: Schematic drawing of the procedure (detailed in the text) [2].
The skin (s) is illustrated only on the last picture to achieve better visualization. Arrows indicate the direction of 
the thread guiding. m= sternohyoid muscle. 
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After the disinfection of the mucosa the ETGI is led through the laryngoscope to the glottic 
level. The mobile (or mobilized) arytenoid cartilage is tilted backward and upward with the 
end of the instrument (Fig. 2B). The built-in, curved blade is then pushed through under the 
vocal process out to the surface of the neck (Fig. 3A). A non-absorbable suture thread 
(Prolene 1.0; Ethicon, Somerville, NJ) is laced through the hole at the tip of the blade by an 
assistant surgeon (Fig. 3C and Fig. 3A). The doubled-over thread is pulled back with the 
blade, into the laryngeal cavity (Fig. 3B).  
After a repeated tilting of the arytenoid cartilage (Fig. 2D), the blade is pushed out with the 
thread above the vocal process to the outer surface of the neck (Fig. 2C). The assistant 
surgeon then cuts the double folded thread to remove it from the blade tip. The blade is then 
pulled back into the laryngeal cavity, and the ETGI can be removed.  
A small skin incision (approximately 5 mm) is then created to withdraw the ends of the 
thread by a Jansen hook to the surface of the sternohyoid muscle (Fig. 2E). The 
corresponding ends are knotted above it (Fig. 3D). This simple procedure enables the 
endoscopic creation of two fixating loops in one step at suitable laryngeal locations, providing 
maximal physiological abduction of the arytenoid cartilage (Fig. 2F and Fig. 3D) within 5 
minutes. In case of PGS a topical Mitomycin-C application is considered [8, 38]. In the peri- 
and postoperative period parenteral antibiotics, steroids for a few days, and speech prohibition 
for a week are suggested [8]. The suggested hospitalization is about 3 days. The sutures can 
be removed if recovery is detected at BVCP or in MF after 8 weeks once re-epithelialization 
in the posterior commissure was confirmed. 
1.4. A NEW SOLUTION FOR NEONATAL BILATERAL VOCAL CORD 
PARALYSIS -ENDOSCOPIC ARYTENOID ABDUCTION LATEROPEXY 
In early childhood the possible treatment options for BVCP are much more limited 
compared to the ones in adulthood. Tracheostomy is the conventional treatment strategy with 
its well-known challenging care problems, as well as psychological and physical side effects 
[39-41]. The small anatomical structures, surgery associated post-operative edema and the 
relatively long and difficult surgical procedures practically exclude the application of both 
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external approaches and endoscopic resection glottic enlarging procedures. We 
performed successfully EAAL with the help of pediatric ETGI.  
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2. AIMS OF THE THESIS
Endolaryngeal Thread Guide Instrument (ETGI, Fig. 4) has some standard size parts 
suitable for all larynges (handle, rod, clamping screw and finger clip) (Fig. 4a). However, 
only stem pipe with the blade has to be introduced into the larynx (Fig. 4b). Therefore, 
intralaryngeal parts, shape and length should be appropriate for allowing precise maneuvers in 
the larynx, in order to make ideal lateralization suture position over the arytenoid body. Since 
the size and anatomy of the larynx is different in children and adults, as well as in genders, 
morphometric analysis of the larynx was necessary for the development of endolayngeal 
units. The trajectory of the blade goes through the soft tissue of the neck, therefore analysis of 
the distance between glottic space and skin surface was also important. Moreover, the blade 
should be capable to penetrate the thyroid cartilage, therefore density of the cartilage was also 
an important factor for the development ETGI. 
Since we did not found detailed size measurements in the literature, development of ETGI, 
morphometric study of larynx and neck configuration was performed. 
Figure 4: Endolaryngeal Thread Guide Instrument (ETGI) 
a) Handling, stem-pipe and curved blade in pushed-out position (stem-pipe and blade designed for infants) b)
Stem-pipe and blade designed for infants d: external diameter, r: radius of curvature c) 1. stem-pipe and blade 
designed for infants; 2. stem-pipe and blade designed for women, 3. stem-pipe and blade designed for men 
  The aim of our study was to determine human endolaryngeal distances and neck 
configuration in order to develop intraluminal part of ETGI. We also applied our new 
instrument in infants with bilateral vocal cord paralysis. Quality of Life Test (QLT) also
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applied to verify postoperative results. 
1. Morphometric analysis of human larynges - radio-anatomical measurements.
o Configuration of neck and larynx
o Analysis of the glottic configuration
o Analysis of thyroid cartilage density
2. Optimalisation of Endolaryngeal Thread Guide Instrument (ETGI) designed for
Endoscopic Arytenoid Abduction Lateropexy (EAAL)
o Design of adult stem pipe and blades.
o Design of neonatal stem pipe and blade.
3. The solution of BVCP in infants is really challenging. Endoscopic arytenoid abduction
lateropexy proved its efficacy even in these complicated cases.
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3. MATERIALS AND METHODS
3.1. MORPHOMETRIC ANALYSIS OF HUMAN LARYNGES - RADIO-
ANATOMICAL MEASUREMENTS. 
To evaluate human glottic and neck configuration, CT scan of adult and children 
group were analyzed. All of the CT scans were reported to have normal radiological findings.  
3.1.1.  Patient selection 
In our retrospective study cervical CT scans of caucasian patients who presented for other 
head and neck complaints to our institute were analyzed. Male and female candidates were 
randomly selected. 
Two groups were created based on the age of the candidates: and (i) adults- above age of 
18 (n=93 patient 56 male, 41 female 51±18 year -50±17 year in male group, 54±20 in female 
group, respectively) and (ii) children -under age of 10 ( n=10, 48±15 month).  
3.1.2. CT morphometry 
Adult group: 
Bone and soft tissue filter settings were used to calculate the measurements. The glottic 
opening was measured using the measuring tool provided on the Picture Archiving and 
Communication System (PACS) [42] (Fig. 5A). To evaluate the configuration of the 
larynx, glottic space and surrounding anatomical structures and layers (i.e. neck 
configuration), the following parameters were determined and calculated symmetrically, in 
both side (mm): 
- VP-TC - The distance from the mucosa of the vocal process to internal lamina of thyroid 
cartilage. 
- TC - Thickness of thyroid cartilage is the distance between external and internal lamina of 
thyroid cartilage. 
 - TC-S - The distance from external lamina of thyroid cartilage to the surface of skin.
 - VP-S - Summation of the distance of the vocal process to the skin. 
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Parameters, determines glottic space (mm) (Fig. 5C) 
- AP - The anterior to posterior length in the midline. 
- TM - Transverse length at the mid-point of the AP length. 
- TP - transverse length at the level of the vocal process of the arytenoid cartilage. 
Figure 5: Fig. A: representative images from our study, 54 year old male patient CT scan.  
Green and white lines depict calculated distances. Values marked with green numbers, expressed in cm by the 
program. Fig B,C: Schematic drawing of morphometric parameters, evaluated on CT scans. Picture 
B: parameters determine neck configuration in mm: VP-TC - The distance from the mucosa of the vocal 
process to internal lamina of thyroid cartilage; TC - Thickness of thyroid cartilage is the distance between 
external and internal lamina of thyroid cartilage;- TC-S – The distance from external lamina of thyroid 
cartilage to the surface of skin. Picture C: parameters, determine glottic space in mm. AP-antero-
posterior length in the midline; TM- transverse length at the mid-point of the AP length and TP- 
transverse length at the level of the vocal process of the arytenoid cartilage. Circles represent area of 
interests on thyroid cartilage, where density was calculated (i.e. central, anterior and posterior)  
A	
B	 C	
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To supplement our data, degree of compressibility of the soft tissues of the neck- i.e. tissue 
layer above thyroid cartilage was also measured on adults. A group of patient, who  underwent 
neck surgery, was selected based on criteria of CT measurements (n=20, 52±17 year). Soft 
tissue thickness was measured first without compression, with calibrated needle in three 
different points at the level of vocal folds, both side of the neck. Compression was carried out 
evenly on the side of the neck and the measurement was repeated. Average compressibility- 
i.e. difference between thicknesses in mm, before and after compression- was calculated. 
To evaluate characteristic of the tissue, density (ˇ”D”, Fig. 5C) of the thyroid cartilage was 
measured at three points: anterior midline- i.e. central, anterior one-third i.e. anterior and 
posteriorly at the level of vocal process i.e. posterior in Hounsfield units (HFU) [43].  
Children group: 
Similar parameters calculated in children group, described above. CT scans processed 
based on the steps as in adult group (Fig 6). Small endolaryngeal space allowed only AP and 
TP distance measurements. Density and compression measurements were not performed.  
Figure 6: Representative CT image of a 20 month old infant, with measurements points. 
3.1.3. Statistics 
Statistical analysis was performed with SigmaStat 4.0 statistical software (Systat Software 
Inc, California). To test normal distribution of the age in the groups, Kolmogorov-Smirnov 
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Normality Test was performed. The left and right side of the larynx and neck parameters 
compared with Student’s t-test. Intergroup significance of male and female group was 
calculated with ANOVA. Data are expressed in mean ± SD. Level of significance was 
p=0.001. 
3.2. DESIGN OF INTRALARYNGEAL, UNITS OF ENDOLARYNGEAL THREAD 
GUIDE INSTRUMENT 
Based on morphometric analysis, intralaryngeal parts of ETGI i.e. stem pipe and blade 
were designed. We have to consider, that the size of these parts has to fit the size of the glottic 
space; it should be appropriate for maneuvers in the glottic space without cause endoluminal 
trauma, but the blade has to fit for the penetration of the different layers of the neck. 
Therefore, 3 blade sizes designed, one for infants, and two different sizes for adults. At the 
planning process of adult blade size, we also considered that soft tissue above the thyroid 
cartilage can be compressed and therefore blade trajectory can reduce.  
3.3. NEW SOLUTION FOR NEONATAL BILATERAL VOCAL CORD PARALYSIS 
In the second part of the study, we wanted to prove the advantages of the ETGI, designed 
for newborns based on previously detailed morphometric CT measurements.  
Four newborns with congenital bilateral vocal cord paralysis (BVCP) were chosen as patients. 
All had been admitted to the perinatal intensive care unit (PICU) immediately after birth due 
to severe stridor and inspiratory dyspnea. Pregnancy information and patient data are 
reported in Table 1. The complex preoperative examination process included 
neonatological, neurological, and otolaryngological investigations. 
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Patient 
/sex 
Gestational 
age 
(week) 
Delivery 
Apgar 
score 
Birth weight (g) 
/weight-for age 
percentile 
Stridor 
/Cyanosis QOL 
Intubation 
(day after 
birth) Comorbidity 
#1/M 39 SVD 9-7-7 3370/61,7 Y/Y 25 1 - 
#2/F 39 
caesarean 
Y/N 25 4 
cavum septum 
pellucidum cyst section 7-10-10 3600/78,1(transverse
lie) 
perinatal 
infection 
#3/F 36 SVD 8-7-7 2210/0,6 Y/N 15 N 
prematurity, 
perinatal 
infection 
neonatal 
hypoglycemia 
#4/M 39 
caesarean 
section 
7-10-10 3250/51,5 Y/Y 16 N 
congenital 
suprabulbar 
paresis 
(weak 
contractions)
relative 
stenosis of the 
left bronchus 
Table 1: Pregnancy information and patient data (SVD: Spontenous Vaginal Delivery, QOL: Quality 
of Life)  
3.3.1. Surgical Technique: 
Unilateral, left-sided EAAL was performed in four neonates on the 4th, 5th, 5th and 27th 
day of life, respectively. All operations were performed under general anesthesia via total 
intravenous anesthesia and high frequency supraglottic jet ventilation with continuous, strict 
monitoring of saturation and end-tidal CO2 (ETCO2) and readiness for possible intubation. 
Jet ventilation was performed by using the Acutronic Ams 1000 device (Acutronic Medical 
Systems AG, Hirzel, Switzerland) with the following parameters: inhalation time: 40-50%; 
frequency: 50-60/min; volume: 200-300 ml; respiratory minute volume 1.2-1.5 l; pressure: 50 
mbar. The procedure began with direct endoscopic examination of the upper and lower 
airways to the level of the distal trachea with a rigid 0° and 30° endoscope. Performance of 
the EAAL followed immediately afterwards during the same session.  
Apart from the size and structural changes of the ETGI, the lateralization of the arytenoid 
cartilage was performed as described in the introduction.  
The total and the endolaryngeal operation time (from the introduction of the ETGI until its 
final removal) was noted. At the end of the surgery, the babies remained intubated for 3-7 
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days with an uncuffed tracheal tube (#1,2,4 ID:3,5 mm; #3 ID:3 mm; Portex® Siliconised 
PVC, Oral/Nasal Uncuffed Tracheal Tube; Smiths Medical, MN, USA). The size of ETT was 
chosen by age- and weight-based formula according to the advice of the anesthesiologist [44].  
Parenteral antibiotic (amoxicillin/clavulanic acid, 25 mg/5 mg/kg/12 hours) was 
administered for 4 days, and methylprednisolone (4 mg/kg) was administered for 7 days. On 
the day of extubation, the patients were given a steroid bolus. Nasogastric feeding was used in 
all patients while intubated. The postoperative management took place in the PICU in each 
case. 
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4. RESULTS
4.1. MORPHOMETRIC ANALYSIS OF HUMAN LARYNGES - RADIO-
ANATOMICAL MEASUREMENTS 
4.1.1. Adult group 
Age distribution 
A total of 107 CT examination, 97 adult ( 56 males, 41 females) and 10 young children 
(Fig. 7) were performed with an average age of 51±18 year (50±17 year in male group, 54±20 
in female group) in the adult and 85±69 month in children group. Considering candidates age, 
groups showed normal distribution, with p>0.200 in adult group. 
Figure 7: Gender and age distribution of adult group n=97, expressed in years.  
Fig 7A: male group n=56, Fig 7B:femle group. Age distribution of both sample was normal (p>0.200). 
Configuration of neck 
Table 2 shows the determinative distances between anatomical structures and layers in the 
neck. No significant difference can be proved in the values between left and right side within 
the male and female group. Comparing the same sides and distances in the two genders, the 
variables do show a significant difference.  
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Table 2: Distances between anatomical structures, determinative in the configuration of the neck.  
VP-TC: vocal process-thyroid cartilage distance, TC: thyroid cartilage thickness, TC-skin: thyroid cartilage-
skin surface distance, VP-skin: vocal process-skin surface distance. Data are represented in mean ±SD mm. No 
significant difference represented between left and right side. Values labeled with bold character are 
significantly greater in the given group. p=0.001 
The VP-TC distance in the male group is significantly longer in both sides than the female 
group (p=0.001). The TC is relatively similar in thickness at the point of trajectory of the 
blade piercing the cartilage in the female and male groups.  
The TC-skin parameter showed the largest difference between the genders, females have 
significantly thicker soft tissue component as compared to the male group. (p=0.001) 
To determine blade trajectory, summation of three above parameters was calculated: (VP-
TC)+TC+(TC-skin)=VP-skin. There is no significant difference between male and female 
group in VP-skin values (Table 2). Even though the TC-skin is longer in the female group 
this is counter-balanced by the VP-TC distance being longer in the male. Since no significant 
difference between genders was stated, results of groups were integrated, and distribution of 
TC-Skin distance was investigated. Figure 8 shows distribution of tissue TC-skin thickness, 
identical to the trajectory of the blade. Distribution was normal, with a level of significance 
p>0.200. 
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Figure 8: VP-skin thickness i.e. blade trajectory distribution. 
 Distance represented in mm. Figure 8A: Distribution of the distance is normal in the summarized group (n=97 
candidates, p=0.200). Red column represents average thickness (mean±SD). Figure 8B normal distribution and 
mean±SD of TC-skin thickness represented with simple black line. Dash line represents shift of the distribution 
to the left i.e which leads to reduced average TC-skin distance. 
Compressibility 
Since glottic space is relatively small, intraluminal unit should be small enough for the 
endolaryngeal maneuvers, but has to be long enough to pass through all the anatomical layers. 
To minimalize necessary size of the instrument, during the lateralization procedure soft tissue 
layer can be compressed. Compression basically shortens TC-skin distance, therefore VP-skin 
distance also getting smaller. Figure 8B represents how the distribution and average TC-skin 
distance change after soft tissue compression (without compression 36.4±9.8 mm, with 
compression 28.7±11.2 mm).  
Morphometry of the glottic space 
The dimension of the glottic opening in adults is shown in Figure 9. Statistically 
significant differences were found in the three measured length between male and female 
group; AP 28.2±2.8 mm in male, 24.8±2.5 mm in female group (P= 0.001); TM was 19.7±2.9 
in male and 18.6±2.2 mm in female group (P=0.001); TP length was 27.9±4.8 in 
A	 B	
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male and 20.8±2.6 in female group, (P=0.001). Based on our data, female have significant 
smaller glottic space compare to male. 
Figure 9: Parameters of the glottic opening: AP-antero-posterior, TM-transverse midpoint and TP-
transverse posterior length.  
Data expressed in mm. Light grey boxes represents male, dark boxes represents female group. There is a 
statistically significant difference between male and female. * Level of significance: p=0.001 
Density measurements 
Density of the thyroid cartilage was also determined in the two genders represented in 
Figure 10. 
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Figure 10: Density of the thyroid cartilage. 
Green dots depict the sample sites on the schematic picture. Light grey boxes represent male, dark boxes 
represents female group, left and right sides. *Level of significance: p=0.001 
In the male group, the density was the highest in the midline and decreased posteriorly. 
The density pattern was different in the female group, central area density was significantly 
lower compare to male group, and the density of posterior lamina was equivocal. There was 
no intergroup significant difference between left and right side within the groups. (Table 3) 
Table 3: Thyroid cartilage density. 
Data expressed in Hounsfield units (HFU). Values labeled with bold character are significantly greater in 
the given group p=0.001 
4.1.2. Children group 
Since there is no expected difference in sex specific body and organ size in children, 
especially in infants, male and female candidates created one group. 
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Configuration of the neck 
The thickness of anatomical layers was calculated in a similar way as in adult group. There 
was no significant difference between the left and right side of the neck. VP-skin thickness 
showed normal distribution in the group (p>0.20). The average TC-skin thickness was 21.3
±5.5 mm (Fig. 11).  
Figure 11: Distances between anatomical structures, determinative in the configuration of the neck/ 
distribution of VP-skin distance. 
 No statistical significant difference can be found between left and right side. TC-skin distance performed 
normal distribution in the group. 
Morphometry of the glottic space 
  Based on CT scans, average AP length was 18.8±4.6 mm and TP was 20.5±4.2 mm in 
the group (Fig. 12) .
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Figure 12: Antero-posterior (AP) and transverse posterior (TP) length in mm 
4.2. DESIGN OF THE INTRALARYNGEAL UNITS OF ENDOLARYNGEAL 
THREAD GUIDE INSTRUMENT 
At the design of the instrument, the following parameters had to be considered: 
(i) Thickness of laryngeal and neck structures- distance between vocal process to the skin 
- blade should be enough long for penetration (i.e. necessary length) 
(ii) Glottic space- limitation factor of the size of stem pipe and blade  
(iii) Density of the cartilage- the most compact layer of the neck should be penetrated by 
the balde 
To determine necessary length of the ETGI blades, neck configuration should be 
considered.  
In adult group, based on VP-skin distance i.e. thickness which should be penetrated, we 
applied a 41 mm blade. This length calculated to be long enough in more than 50% of the 
cases. A longer, 55 mm blade was also prepared which is capable for lateralization 
procedure more than 90% of the cases. Longer blade size was not necessary, since soft 
tissue compression can reduce blade trajectory. Re-calculate VP-skin distance with soft 
tissue compression, 90% of the cases can be solved with 41 and 99% with 55 mm blade 
(Fig. 13).  
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Figure 13: Diagram represents distribution of tissue thickness i.e. distance between the surface mucosa 
of vocal process to skin surface in adult group. 
Black lined curve indicates thickness distribution without compression of surface soft tissue. External 
compression of surface soft tissue shifts the distribution to the left (dash line curve) and reduces average tissue 
thickness, marked with red line and box (mean ±SD). Length of the different blades represented with dotted line. 
With tissue compression, 90% of the cases can be solved with 41 and 99% with 55 mm blade. (Without 
compression this ratio is 69% with 41mm and 94% respectively.) 
 During the planning process, we had to consider, that male glottic space and distances are 
significantly larger than those in female glottis. However, rotation of the instrument helps the 
introduction of the stem-pipe and blade into the correct position, curvature of the blade should 
be modified based on the measured endolaryngeal distances. During the blade penetration, the 
angle between the instrument and the mucosa surface is 45°, and the level of the vocal fold is 
in the center of the blade (i.e. midline), bisector should not be longer than the determined 
transverse glottic distances (i.e. TM: 19.7±2.9 in male and 18.6±2.2 mm in female; and TP: 
27.9±4.8 in male and 20.8±2.6 in female). Based on CT measurements, the TM length is the 
critical value of the atraumatic introduction of the device; therefore the bisector length (i.e. 
the width of the territory occupied by the blade in the glottic area) should not exceed the TM. 
Figure 14 shows the shape of the two blades, based on this concept. Bisector length (Fig. 14) 
of 55mm blade (b1=13mm) and 41 mm blade (b2=7mm) are suitable in all of the cases.  
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Figure 14: Shape of ETGI blades; A-55 mm curvature, B-41 mm curvature C-21mm curvature length.  
Inner distance represented with letter “d”. Letter “b”: bisector length, proportional of the width, necessary for 
atraumatic introduction of the device. Bisector lengths are shorter, than critical transverse length of the glottis. 
Intraoperative picture shows, that angle between surface mucosa and the instrument is ~ 45°. 
Density of thyroid cartilage, VP-skin and TM determine the size of the blade used. 
Therefore massive, longer blade is necessary for male patients. However, sharp edged blade is 
better for penetration, but the risk of possible tissue and vessel trauma is higher. Therefore we 
applied blade with blunt edge.  
In children, small glottic size and the thin soft tissue layer over the larynx requires a 
shorter and less curved endolaryngeal portion of the stem-pipe as opposed to the curve of the 
adult sized device. Especially in newborn, small glottic area (AP 18.8±4.6 mm, TP 20.5±4.2 
mm) significantly reduces possible size and shape of the blade. We applied a 21mm curvature 
length bade, suitable in 100% of the cases (Fig. 15). Bisector length (Fig. 14) of 21mm blade, 
created for children is b4=2.1 mm. 
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Figure 15: Diagram represents distribution of tissue thickness i.e. distance between the surface mucosa 
of vocal process to skin surface in children group. 
 Average tissue thickness marked with red line and box (mean ±SD). The blade, designed for children is 21 mm. 
4.3. NEW SOLUTION FOR NEONATAL BILATERAL VOCAL CORD PARALYSIS-
ENDOSCOPIC ARYTENOID ABDUCTION LATEROPEXY 
The mean total surgical time was 17 minutes, with an average of 6 minutes spent on the 
endolaryngeal lateralization. No major perioperative or postoperative complications occurred. 
The postoperative time line of events is presented in Table 4.  
Table 4: Details of the surgery and events of the postoperative care (EAAL: Endoscopic 
Arytenoid Abduction Lateropexy).  
Abbreviations: M-male, F-female, N-no 
Extubation was considered safe on the 5th, 7th, 3th and 7th postoperative day, respectively. 
In the case of infant #2, extubation was attempted on the 4th postoperative day; but due to 
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significant edema of the laryngeal mucosa, the intubation had to be prolonged by 3 days. 
Dyspnea and CO2 retention presented were noted on the 26th postoperative day. Direct 
endoscopic examination revealed severe edema of the glottic soft tissues. Thus, reintubation 
and repeated antibiotics were required for another 6 days. All patients were able to tolerate a 
normal per os diet with no restriction in 1-3 days post extubation. The weight-for-age and 
length-for-age percentiles are depicted in Figure 16.  
Figure 16: Length-for-age and weight-for-age percentiles of the patients. 
 Length-for-age and weight-for-age percentiles of patient #2 and #3 dot: patient #2, triangle: patient #3, arrow: 
day of the surgery Length-for-age and weight-for-age percentiles of patient #1 and #4 dot:patient#1, 
triangle:patient#4, arrow: day of the surgery. 
The acoustic parameters, QOL scores, and the characterization of vocal cord movement 
recovery are shown in Table 5.  
Patient Jitter Shimmer HNR Mean Pitch QOL Vocal cord movements Follow up 
[%] [%] [dB] [Hz] [month] 
#1/M 0.3 5.4 15.9 171.7 11 N 17 
#2/F 5.9 20.1 3.5 261.1 8 R: complete abduction and adduction 11 
L: slight adduction 
#3/F 0.4 4.6 16.4 360.4 7 R: complete abduction and adduction 13 
#4/M 1.3 4.7 18.5 328.0 6 N 55 
Table 5: Functional outcomes of the surgery 
Abbreviations: HNR: harmonic to noise ratio; QOL: Quality of Life; R: right side, L: left side, N: no movement 
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Compared to the preoperative values, the QOL scores improved significantly in all cases. 
Based on the parent’s observations, the voice of the patients was normal in 3 cases and 
slightly impaired in 1 case. In the first three patients, the crying sounds were powerful. 
Gurgling and cooing were similar to their siblings, according to the parents. Speech 
development was appropriate in the fourth case, which was the only case followed long 
enough (55 months) to be able to evaluate it adequately. Partial regeneration of the vocal cord 
movements was observed in 2 of the 4 cases: bilateral in infant #2 and unilateral in #3, at 6 
and 3 weeks of age respectively (Fig. 17). Lateralization sutures were not removed in any of 
the cases. 
Figure. 17: Intraoperative images.  
Complete regeneration of the right vocal cord movements after left-sided endoscopic arytenoid abduction 
lateropexy (patient #3, 3rd postoperative week)  
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5. DISCUSSION
Endoscopic arytenoid abduction lateropexy (EAAL) has already been shown to be safe and 
effective for the treatment of vocal cord immobility of various etiologies [2, 4, 8]. To create 
an instrument, capable to perform the intervention in minimal invasive way, neck and 
laryngeal conformation should be studied first. We wanted to design intralaryngeal units of 
ETGI- prepared for manipulation in glottic space and penetration of the tissue layers- suitable 
for different glottic size and neck configuration. Resistance of the most compact layer i.e. 
density of the thyroid cartilage have also been taken into consideration. In the first part of the 
thesis, a retrospective morphometric study of the human larynx was detailed. Based on these 
findings, design of intralaryngeal ETGI units was demonstrated. Considering the 
conformation differences between genders, adults and infants; three different blades have 
been created. 
Minimal invasive treatment of BVCP is an important question especially in childhood. 
EAAL is a good solution even in infants to avoid tracheotomy and consequent, long term 
structural and functional damage of the larynx. In the second part of the thesis, we 
demonstrated the advantages of our minimal invasive method with ETGI, designed for 
children. 
5.1.Morphometric analysis of human laryngeal images for optimization of suture 
lateralization instruments 
We analyzed a large series of cervical CT scans of 56 males and 41 females and 10 
children (total of 107) which examined the anatomy of the larynx. We found a gender 
difference between the layers of the neck: VP-TC distance, which represents the mucosa and 
vocal fold thickness was significantly longer in male. While neck soft tissue thickness i.e. 
distance between thyroid cartilage and the surface (TC-skin) was longer in females. This 
difference might be due to the fact that male larynx is in a more anterior position generally 
compared to the female larynx position or fat distribution is different in the neck according to 
gender. 
No gender difference was presented in average cross section of neck soft tissues (VP-skin), 
moreover, it showed normal distribution. Based on VP-skin distance, which is identical with 
	33	
blade trajectory, two different adult ETGI blade lengths have been designed. With the 41 mm 
curvature length blade, 50%; with the 55 mm curvature length, 90% of the cases could have 
been solved. We have also proved that application of longer blades is not necessary; with soft 
tissue compression of the neck, cross-section can be reduced adequately, and even with the 41 
mm blade 90% of the cases could be treated. Moreover, limited space in the level of the vocal 
cord also requires shorter blade length. 
Endolaryngeal space measurements showed, that female glottis is significantly smaller in 
sagittal as well as in transversal diameter than male ones. To avoid spatial incompatibility, 
blades were designed to have a round caliber. Moreover, round shape also provides ideal 
penetration angle for soft tissue and cartilage, and gives enough rigidity to resist bending. To 
determine the curvature, middle and posterior transverse diameters i.e. TM and TP were 
calculated. Since the instrument and also the tip of the blade meets the surface of the mucosa 
with 45°, we designed bisector length (proportional with the width occupied by the blade in 
the glottic area) shorter, than transverse glottic length.  
The laryngeal cartilages are hyaline cartilages, except for the epiglottis and the vocal 
process of the arytenoid, which are fibroelastic cartilages [45, 46]. Hyaline cartilages undergo 
certain structural changes with time, like progressive enchondrial ossification [47]. 
Histopathological studies have demonstrated that the stage of the calcification and ossification 
is widely affected by age [48]. Male laryngeal cartilages tend to be ossified to a greater extent 
than female cartilages [45, 47, 49-54]. Ossification increases with advancing age [47, 50, 
52-56]. For both genders, thyroid cartilage ossification appeared to pass through different 
phases until complete ossification, and each phase appeared to be correlated to a decade 
[47-49]. Determination of cartilage density was also necessary to create ETGI blades resistant 
enough. Moreover, density distribution also influences the site of blade penetration. We found 
a gender difference between thyroid cartilage densities at all measured level. However, the 
cartilage thickness increases posteriorly; density measurement showed that the posterior third 
is less compact. This might be due to the structure of the cartilage; there is a compact surface 
lamina, conjugating in the middle and anterior third (identical with the sample site of anterior 
density measurement), while posteriorly a spongious intermediate substance can be found 
(posterior sample site). However, cartilage is thinner anteriorly, our density measurements 
have confirmed, that posterior part of the cartilage is more sufficient for penetration. 
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Moreover, calcification usually affects the anterior part of the lamina, therefore here density, 
and consequent resistance increases with time. At the beginning, lateralization of vocal cord 
was performed anteriorly, since intralaryngeal units of previous instruments were not capable 
to penetrate the thick posterior part of the cartilage. We recommend blade penetration at the 
posterior part of the lamina based on the density measurements; moreover, this position 
secures the maximal abduction of the vocal cord. Since the density of cartilage is higher in 
males, we also recommend the application of 55 mm blade in these cases, to utilize higher 
instrument resistance provided by the size of the blade.  
The small glottic area of newborns made the use of the original endolaryngeal thread guide 
instrument (ETGI) difficult, so it had to be modified [57]. First step was the miniaturization of 
the instrument to make it easier to maneuver in the neonatal glottis. The small glottic size and 
the thin soft tissue layer over the larynx requires a shorter and less curved endolaryngeal 
portion of the pipe-stem as opposed to the curve of the adult sized device. For children, a 
21mm curvature length blade has been designed, capable to perform EAAL in 100% of the 
cases. Since superficial soft tissue (i.e. tissue above thyroid cartilage) in children, especially 
in infants is thin, soft tissue compression is not optimal to reduce cross-section. Therefore, 
application of a 21 mm blade was necessary. The second step was the conversion to the 
neonatal Miller laryngoscope (size 0; Welch Allyn Inc., NY, USA) which provides a good 
view for the lateralization of the left arytenoid cartilage (in three cases). In the last patient, a 
Macintosh Baby Laryngoscope (Welch Allyn Inc., NY, USA) was used to expose the larynx. 
 However, sharp edged blade is better for penetration, but the risk of possible tissue and 
vessel trauma is higher. Therefore we applied a blade with blunt edge. In order not to weaken 
the tip of the blade the eyelet was placed proximal to the tip.  
Since there are a number of factors, which have to be taken into consideration when 
performing the EAAL procedure, a cervical neck CT is a helpful investigation in the pre-
planning stage. Since imaging is usually performed in order to find the cause of vocal cord 
immobility, patients do not receive any extra radiation. 
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The results of the scan will help to clarify the degree of ossification of the TC at the vocal 
process level, the distance of the blade trajectory and the thickness of the neck. 
5.2. New Solution for Neonatal Bilateral Vocal Cord Paralysis - Endoscopic Arytenoid 
Abduction Lateropexy 
Due to the many etiologies of bilateral vocal cord palsy (BVCP), the potential 
comorbidities, the related anatomical abnormalities, and the complex requirements of the 
treatment, many authors recommend a “watch and wait policy” in neonates [58]. However, 
the associated airway limitations significantly limit the normal physical activity and 
development of the child, even in milder cases [59]. In cases of severe dyspnea, tracheotomy 
is still the most frequently performed surgical intervention despite its many well-known risks, 
including severe complications such as airway stenosis and accidental decannulation which 
can be life threatening [39-41, 60]. The need to minimize surgery in the neonate and the many 
risks of neonatal anesthesia (small reserve capacity, high oxygen requirements, risk of 
hypothermia and hyperthermia, undiagnosed heart problems, limited cardiac output, etc.) 
make surgical options even more limited in this age group. The optimal surgical intervention 
would be both quick and reversible as well as provide an immediate adequate airway, 
acceptable voice quality, and good swallowing function. A simple suture lateralization 
technique of the vocal cord from an external approach was introduced by Zawadzka-Głos in 
children aged 1 year and older [61], but this technique did not become popular. Triglia et al. 
applied the arytenoid lateropexy from an external approach on 15 children between 1 month 
and 9 years with more encouraging results; however, the undertaking of this relatively 
complex and long-lasting intervention is significant in neonates. Because of the extensive, 
surgical dissection of the arytenoid region and the resulting scar formation, this procedure is 
considered to be irreversible even on adults [62-65]. 
Our preliminary results show that the endoscopic arytenoid abduction lateropexy (EAAL) 
can be relatively easily and quickly performed with low surgical stress even in the first days 
of life. Moreover, it provides a stable, long-lasting, and wide airway that is potentially 
reversible because the endoscopically inserted lateralization sutures do not significantly 
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disturb the anatomical structures. This has been proven in several adult cases in which 
definite re-innervation occurred [2, 4, 44, 66, 67]. 
The supraglottic jet ventilation and the novel use of pediatric laryngoscopes ensure 
excellent visualization of the glottis with access unencumbered by an endotracheal tube. If jet 
ventilation is not available, however, this fast procedure can be performed under spontaneous 
ventilation with intermittent intubation [2]. Based on our experience, the new, modified 
endoscopic thread guide instrument (ETGI) is suitable for fast and safe maneuvering in the 
narrow laryngeal space of the newborns.  
The blade is connected with the stem-pipe. Continuously, thus the device can be removed 
promptly in case of the need for intubation. Visual control during the technique is paramount. 
Moreover, the positioning of the lateralization suture can be made more precisely with 
endoscopic guidance. With these associated technologies and instrumentation, the procedure 
can be performed quickly and safely. 
This intrinsically reduces the potential complications from anesthesia and jet ventilation. In 
adult patients, no postoperative intubation, temporary tracheostomy, or intensive care are 
required after EAAL. Due to the limited anatomical space, the increased vulnerability, and 
swelling of the soft tissue of the neonates, a short-term postoperative intubation is always 
prudent along with parenteral steroid therapy. Temporary intubation may also help by the 
maintaining of the lateralized position of the arytenoid cartilage though our report did not 
compare this to any cases that were immediately extubated. Perioperative empiric intravenous 
antibiotic therapy is also indicated.  
The presented lateralization technique does not impair laryngeal sensation, which is 
essential for protective laryngeal reflexes [68]. This is consistent with our experience in adult 
patients who have not had significant aspiration after arytenoid cartilage lateralization. After 
the removal of the nasogastric feeding tube, the newborns in this series could be easily fed 
and be nurtured. This is supported by parental reports and by the registered weight gain and 
length growth. Despite the comorbidities and the long hospitalizations, the weight-for-age and 
length-for-age percentiles show normalization after the initial growth delay. The objective 
measurements of voice quality are very limited at this age, but the results of the voice analysis 
are consistent with the QOL questionnaire’s results. The postoperative glottic configuration of 
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a small angle in the anterior commissure and the straight and tensed vocal cords allows 
acceptable phonation closure in case of contralateral vocal cord recovery [4, 69]. This allows 
not only a voice improvement after spontaneous re-innervation, as was seen in the second and 
third case, but it helps to maintain the airway patency. This procedure is reversible in adults, 
and therefore likely reversible in children. However, we did not undertake any reversal on the 
infants during this study period. Reversal needs to be carefully considered because re-
innervation of the two vocal cords does not necessarily occur simultaneously. We have 
observed in adults that when reversal is undertaken because the contralateral vocal cord’s 
movement has recovered, the released (but potentially still paralyzed) vocal cord can re-
medialize after the suture removal [6]. While that is acceptable in an adult, in the young and 
very small larynx this medialisation might cause a significant increase in airway resistance. 
As the unilateral lateralization suture does not cause any swallowing or phonation 
impairment, it was not removed after partial functional recovery. This was in accord with the 
parent’s decision. The suture removal can be considered in the future if the endoscopic and/or 
LEMG examinations confirm the re-innervations or when the larynx has grown larger. 
Endoscopic examinations proved the stable position of the lateralization sutures and the 
abducted arytenoid cartilage after 4 years in the one patient that we followed for that long. 
This surgical intervention might be a long-term solution, even in fast-growing laryngeal 
structures  
Figure 18: Endoscopic pictures of the lateralized left vocal cord 
a) Patient #1 (3rd postoperative week), b) Patient #2 (2nd postoperative week), c) Patient #3 (2nd postoperative
month), d) Patient #4 (4th postoperative year) 
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6. CONCLUSIONS AND NEW RESULTS
6.1 Morphometric analysis of human laryngeal images 
This study showed that the glottis configuration is significantly different between the two 
genders. The density at the post lamina of the thyroid at the level of the vocal process of the 
arytenoid is not significantly different in the two genders. The soft tissue compressibility 
allowed the shorter blade to be used in the majority of cases giving greater flexibility. 
However considering the size of larynx, maneuverability of instrument and density of thyroid 
cartilage the larger blade was advised to be used for greater success. CT evaluation of cervical 
neck and the above measurements described will provide the preoperative planning for 
choosing the required type of blade to be used.  
6.2 Optimalisation of Endolaryngeal Thread Guide Instrument (ETGI) designed for 
Endoscopic Arytenoid Abduction Lateropexy (EAAL) 
EAAL as a primary treatment might serve as a minimally invasive, effective, dynamic 
solution for most cases of BVCI. ETGI is specifically designed for this method; therefore it 
can facilitate this procedure. With blades and stem pipes of different shapes and sizes the 
operation can be carried out in the case of almost every laryngeal configuration. 
6.3 A New Solution for Neonatal Bilateral Vocal Cord Paralysis - Endoscopic Arytenoid 
Abduction Lateropexy 
According to our preliminary results, the minimally invasive, quick, reversible endoscopic 
arytenoid abduction lateropexy (EAAL) might be a more favorable solution for neonatal 
bilateral vocal cord paralysis (BVCP) than earlier treatment strategies. In one step, the airway 
can be maintained without the risk of any permanent damage to voice production. Good 
swallowing function is also preserved.  In addition to these benefits, it should be easily 
reversible. The specially modified endolaryngeal thread guide instrument (ETGI) gives a fast 
and effective option to create the lateralized arytenoid position even in this technically 
challenging surgical field of a neonate larynx. 
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 Follow up long-term outcomes and additional patients need to be studied to further 
validate this procedure. 
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A New Solution for Neonatal Bilateral Vocal Cord Paralysis:
Endoscopic Arytenoid Abduction Lateropexy
Shahram Madani, MD; Adam Bach, MD; Vera Matievics, MD; Eszter Erdelyi, MD;
Balazs Sztano, MD, PhD; Ilona Szegesdi, MD; Paul F. Castellanos, MD, FCCP; Laszlo Rovo, MD, PhD
Objectives/Hypothesis: Bilateral vocal cord paralysis in early childhood is a life-threatening condition, which often requires
immediate intervention. One of the treatment options is a quick, reversible simple suture vocal cord lateralizing technique, whereby
the arytenoid cartilage is directly lateralized to the normal abducted position. Considering pediatric laryngeal anatomy, a small endo-
laryngeal thread guide instrument was designed for precise suture insertion.
Study Design: New instrument validation.
Methods: Four newborns had inspiratory stridor immediately after birth; two had to be intubated. Laryngotracheoscopy
revealed bilateral vocal cord paralysis. Unilateral, left-sided endoscopic arytenoid abduction lateropexy was performed with
supraglottic jet ventilation on the 4th, 5th, 5th, and 27th day of life for the four patients, respectively.
Results: All babies remained intubated for 3 to 7 days with an uncuffed tracheal tube. After extubation, no dyspnea or
swallowing disorder occurred. A subjective quality of life questionnaire, laryngotracheoscopy, clinical growth charts, and voice
analysis showed satisfactory functional results.
Conclusions: Minimally invasive, quick, reversible endoscopic arytenoid abduction lateropexy might be a more favorable
solution for neonatal bilateral vocal cord paralysis than earlier treatment strategies. In one step, the airway can be main-
tained without the risk of any permanent damage to voice production. Good swallowing function is also preserved. The spe-
cially modified endolaryngeal thread guide instrument gives a fast and effective option for creating the lateralized arytenoid
position even in the technically challenging surgical context of a neonate larynx.
Key Words: Bilateral vocal fold paralysis, dyspnea, endolaryngeal thread guide instrument, endoscopic arytenoid abduction
lateropexy, laterofixation, neonatal.
Level of Evidence: 4.
Laryngoscope, 00:000–000, 2016
INTRODUCTION
The treatment of bilateral vocal cord paralysis is a
challenge in children, especially in neonates. This phe-
nomenon has multiple etiologies. These include iatrogen-
ic, neurological, idiopathic, joint fixation, and birth
trauma. Idiopathic paralysis is the most common, but a
neurological origin is presumable in those cases as well.1
According to the literature, two-thirds of paralytic
patients have shown some or even total recovery.2–4 Thus,
due to the heterogeneity of the pathology, each case needs
to be assessed on its own merit as to whether long-term
improvement is possible. Associated stridor and
respiratory distress, however, generally require urgent
interventions because the “watch and wait” policy may
lead to a dire outcome, considering the tiny airways of
babies.5 The possible treatment options in neonates are
much more limited compared those in adulthood. This is
because achievable airway improvement with classic
resection procedures (such as partial/total arytenoidec-
tomy or transverse cordotomy) is limited by the associat-
ed edema, which often makes a tracheostomy necessary.6
Despite the high spontaneous recovery rate after a short
period of oxygen hood therapy or intubation, in most
cases, tracheostomy is the conventional treatment strate-
gy, with its well-known challenging care problems, as
well as psychological and physical side effects.4,7,8
Our recent publication objectively proved, in accor-
dance with the clinical observations, that of the popular
glottis-enlarging surgeries, those procedures that are
based on the natural abduction of the cricoarytenoid
joint(s) are the most effective in airway improve-
ment.9–12 Moreover, these “simple suture procedures”
are reversible, which makes the abovementioned deci-
sion making easier. The problems that arise with these
arytenoid lateropexies in this age group are obvious; the
small anatomical structures and the relatively long and
difficult surgical procedures practically exclude the
application of the external approaches. The faster and
simpler endoscopic procedure described by our team is
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also challenging, considering that the endolaryngeal
thread guide instrument (ETGI; Mega Kft, Szeged, Hun-
gary) was designed for adults and not such a small glottic
area. To alleviate this problem, a prototype of a new com-
mutable blade and stem-pipe was designed so that the
original instrument could be used in the neonatal airway.
MATERIALS AND METHODS
Patients
Four newborns with congenital bilateral vocal cord paraly-
sis (BVCP) were chosen as patients. All had been admitted to
the perinatal intensive care unit (PICU) immediately after birth
due to severe stridor and inspiratory dyspnea. Pregnancy infor-
mation and patient data are reported in Table I. The complex
preoperative examination process included neonatological,
neurological, and otolaryngological investigations.
Modification of the Original ETGI
Endoscopic arytenoid abduction lateropexy (EAAL) has
already been shown to be safe and effective for the treatment of
vocal cord immobility of various etiologies.9,10,13 However, the
small glottic area of newborns made the use of the original the
ETGI difficult, so it had to be modified.14 First was the minia-
turization of the instrument to make it easier to maneuver in
the neonatal glottis. The small glottic size and the thin soft tis-
sue layer over the larynx require a shorter and less curved
endolaryngeal portion of the pipe-stem compared to the curve of
the adult-sized device, depicted in Figure 1. Second was the
conversion to the neonatal Miller laryngoscope (size 0; Welch
Allyn, Skaneateles Falls, NY), which provides a good view for
the lateralization of the left arytenoid cartilage (in three cases).
In the last patient, a Macintosh Baby Laryngoscope (Welch
Allyn) was used to expose the larynx.
Surgical Technique
Unilateral, left-sided EAAL was performed in four neo-
nates on the 4th, 5th, 5th, and 27th day of life, respectively. All
operations were performed under general anesthesia via total
intravenous anesthesia and high-frequency supraglottic jet ven-
tilation with continuous, strict monitoring of saturation and
end-tidal CO2 and readiness for possible intubation. Jet ventila-
tion was performed by using the Acutronic Ams 1000 device
TABLE I.
Pregnancy Information and Patient Data.
Patient/Sex
Gestational
Age, wk Delivery
Apgar
Score
Birth Weight,
g/Weight-for-Age
Percentile
Stridor/
Cyanosis QOL
Intubation,
Days After Birth Comorbidity
#1/M 39 SVD 9-7-7 3,370/61.7 Y/Y 25 1 —
#2/F 39 Caesarean
section
(transverse lie)
7-10-10 3,600/78.1 Y/N 25 4 Cavum septum
pellucidum cyst,
perinatal infection
#3/F 36 SVD 8-7-7 2,210/0.6 Y/N 15 N Prematurity, perinatal
infection, neonatal
hypoglycemia
#4/M 39 Caesarean
section (weak
contractions)
7-10-10 3,250/51.5 Y/Y 16 N Congenital suprabulbar
paresis, relative stenosis
of the left bronchus
F 5 female; M 5 male; N 5 no; QOL 5 quality of life score; SVD 5 spontaneous vaginal delivery; Y 5 yes.
Fig. 1. Endolaryngeal thread guide instrument. (a) Handling, stem-pipe, and curved blade in pushed-out position (stem-pipe and blade
designed for infants). (b) Stem-pipe and blade designed for infants. d 5 external diameter; r 5 radius of curvature. (c) 1) Stem-pipe and
blade designed for infants, 2) stem-pipe and blade designed for women, and 3) stem-pipe and blade designed for men. [Color figure can
be viewed in the online issue, which is available at www.laryngoscope.com.]
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(Acutronic Medical Systems, Hirzel, Switzerland) with the fol-
lowing parameters: inhalation time 5 40% to 50%, frequency 5
50 to 60/min, volume 5 200 to 300 mL, respiratory minute vol-
ume 5 1.2 to 1.5 L; pressure 5 50 mbar. The procedure began
with direct endoscopic examination of the upper and lower air-
ways to the level of the distal trachea with a rigid 08 and 308
endoscope. Performance of the EAAL followed immediately
afterward during the same session.
Apart from the size and structural changes of the ETGI,
the lateralization of the arytenoid cartilage was performed as
described in our earlier publication.9 After disinfection of the
laryngeal mucosa, the ETGI is led through the laryngoscope to
the glottic level. The mobile arytenoid cartilage is tilted back-
ward and upward with the end of the instrument. The built-in,
curved blade is then pushed through, under the vocal process,
and out to the surface of the neck. A nonabsorbable suture
thread (0-Prolene; Ethicon, Somerville, NJ) is laced through the
hole at the tip of the blade by an assistant surgeon. The
doubled-over thread is pulled back with the blade, into the
laryngeal cavity. After a repeated tilting of the arytenoid carti-
lage, the blade is pushed out with the thread above the vocal
process to the outer surface of the neck. The assistant surgeon
then cuts the double-folded thread to remove it from the blade
tip. The blade is then pulled back into the laryngeal cavity, and
the ETGI can be removed. A small skin incision is then created
to withdraw the ends of the thread by a Jansen hook to the sur-
face of the sternohyoid muscle. The corresponding ends are
knotted above it.9
The total and the endolaryngeal operation time (from the
introduction of the ETGI until its final removal) was noted. At
the end of the surgery, the babies remained intubated for 3 to 7
days with an uncuffed tracheal tube (patients 1, 2, 4: inner
diameter [ID] 5 3.5 mm; patient 3: ID 5 3 mm; Portex silicon-
ized polyvinyl chloride oral/nasal uncuffed tracheal tube;
Smiths Medical, Plymouth, MN). The size of the endotracheal
tube was chosen by age- and weight-based formula according to
the advice of the anesthesiologist.15
Parenteral antibiotic (amoxicillin/clavulanic acid, 25 mg/5
mg/kg for 12 hours) was administered for 4 days, and methyl-
prednisolone (4 mg/kg) was administered for 7 days. On the day
of extubation, the patients were given a steroid bolus. Nasogas-
tric feeding was used for all patients while they were intubated.
The postoperative management took place in the PICU in each
case.
Follow-up
The functional outcomes of the surgery in terms of breath-
ing, voice, swallowing, and overall satisfaction were evaluated
by the quality of life (QOL) questionnaire of the Lausanne
team.16 Follow-up evaluations included regular endoscopic
examinations under general anesthesia using a rigid 08 and 308
endoscope. The grade of the vocal cord movement recovery was
noted. Body weight gain, length growth, and swallowing diffi-
culty were systematically registered by the parents.17 The voice
samples were recorded with a high-sensitivity (40Hz–16kHz)
condenser head microphone (ATM75; Audio-Technica, Machida,
Tokyo, Japan) at a sampling frequency of 96 kHz (24-bit US-
122MkII external soundcard; TASCAM, Montebello, CA), and
analyzed by Praat 5.3.2.9. software (www.praat.org). The follow-
ing acoustic parameters were recorded in this study: mean
pitch, jitter, shimmer, and harmonics-to-noise ratio. Follow-up
intervals were 17, 11, 13, and 55 months for the four patients,
respectively.
RESULTS
The mean total surgical time was 17 minutes, with
an average of 6 minutes spent on the endolaryngeal la-
teralization. No major perioperative or postoperative com-
plications occurred. The postoperative timeline of events
is presented in Table II. Extubation was considered safe
on the 5th, 7th, 3th, and 7th postoperative day in the
four patients, respectively. In the case of infant #2, extu-
bation was attempted on the 4th postoperative day, but
due to significant edema of the laryngeal mucosa, the
intubation had to be prolonged by 3 days. Dyspnea and
CO2 retention were noted on the 26th postoperative day.
Direct endoscopic examination revealed severe edema of
the glottic soft tissues. Thus, reintubation and repeated
antibiotics were required for another 6 days. All patients
were able to tolerate a normal per os diet with no
restriction in 1 to 3 days postextubation. The weight-for-
age and length-for-age percentiles are depicted in Figure
2. The acoustic parameters, QOL scores, and characteri-
zation of vocal cord movement recovery are shown in
Table III. Compared to the preoperative values, the QOL
scores improved significantly in all cases. Based on the
parent’s observations, the voice of the patients was nor-
mal in three cases and slightly impaired in one case. In
the first three patients, the crying sounds were power-
ful. Gurgling and cooing were similar to their siblings,
according to the parents. Speech development was
appropriate in the fourth case, which was the only case
followed long enough (55 months) to be evaluated ade-
quately. Partial regeneration of vocal cord movements
was observed in two of the four cases: bilateral in infant
#2 and unilateral in #3, at 6 and 3 weeks of age, respec-
tively (Fig. 3). Lateralization sutures were not removed
in any of the cases.
TABLE II.
Details of the Surgery and Events of the Postoperative Care.
Patient/
Sex
EAAL, Days
After Birth
Endolaryngeal
Surgical Time, min
Postoperative
Complication
Extubation,
Postoperative Day
Reintubation,
Postoperative Day
Oral Feeding,
Postoperative Day
#1/M 4th 6 N 5th N 7th
#2/F 5th 5 Laryngeal edema 7th 26th–32th 10th
#3/F 5th 8 N 3th N 4th
#4/M 27th 6 N 7th N 9th
EAAL 5 endoscopic arytenoid abduction lateropexy; F 5 female; M 5 male; N 5 none.
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DISCUSSION
Due to the many etiologies of BVCP, the potential
comorbidities, the related anatomical abnormalities, and
the complex requirements of the treatment, many
authors recommend a “watch and wait policy” in neo-
nates.5 However, the associated airway limitations sig-
nificantly limit the normal physical activity and
development of the child, even in milder cases.2 In cases
of severe dyspnea, tracheotomy is still the most fre-
quently performed surgical intervention despite its
many well-known risks, including severe complications
such as airway stenosis and accidental decannulation,
which can be life threatening.4,7,8,18 The need to mini-
mize surgery in the neonate and the many risks of neo-
natal anesthesia (small reserve capacity, high oxygen
requirements, risk of hypothermia and hyperthermia,
undiagnosed heart problems, limited cardiac output,
etc.) make surgical options even more limited in this age
group. The optimal surgical intervention would be both
quick and reversible as well as provide an immediate
adequate airway, acceptable voice quality, and good
swallowing function. A simple suture lateralization tech-
nique of the vocal cord from an external approach was
introduced by Zawadzka-Głos in children aged 1 year
and older,19 but this technique did not become popular.
Triglia et al. applied arytenoid lateropexy from an exter-
nal approach on 15 children between 1 month and 9
years old with more encouraging results; however, the
undertaking of this relatively complex and long-lasting
intervention is significant in neonates. Because of the
Fig. 2. Length-for-age and weight-
for-age percentiles of the patients.
(a) Length-for-age and weight-for-
age percentiles of patients #2 and
#3. Dots indicate patient #2; trian-
gles indicate patient #3; arrow indi-
cates day of surgery. (b) Length-for-
age and weight-for-age percentiles
of patients #1 and #4. Dots indicate
patient #1; triangles indicate patient
#4; arrows indicate day of surgery.
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extensive, surgical dissection of the arytenoid region and
the resulting scar formation, this procedure is consid-
ered to be irreversible even on adults.20–23
Our preliminary results show that EAAL can be rela-
tively easily and quickly performed with low surgical
stress even in the first days of life. Moreover, it provides a
stable, long-lasting, and wide airway that is potentially
reversible because the endoscopically inserted lateraliza-
tion sutures do not significantly disturb the anatomical
structures. This has been proven in several adult cases in
which definite reinnervation occurred.9,10,12,15,24
The supraglottic jet ventilation and the novel use of
pediatric laryngoscopes ensure excellent visualization of
the glottis with access unencumbered by an endotracheal
tube. If jet ventilation is not available, however, this fast
procedure can be performed under spontaneous ventilation
with intermittent intubation.9 Based on our experience, the
new, modified ETGI is suitable for fast and safe maneuver-
ing in the narrow laryngeal space of newborns. The blade is
connected with the stem-pipe continuously; thus, the device
can be removed promptly in case of the need for intubation
(Fig. 1). Visual control during the technique is paramount.
Moreover, the positioning of the lateralization suture can
be made more precisely with endoscopic guidance. With
these associated technologies and instrumentation, the pro-
cedure can be performed quickly and safely. This intrinsi-
cally reduces the potential complications from anesthesia
and jet ventilation. In adult patients, no postoperative intu-
bation, temporary tracheostomy, or intensive care are
required after EAAL. Due to the limited anatomical space,
Fig. 2. (Continued)
TABLE III.
Functional Outcomes of the Surgery.
Patient Jitter, % Shimmer, % HNR, dB Mean Pitch, Hz QOL Vocal Cord Movements Follow-up, mo
#1/M 0.3 5.4 15.9 171.7 11 N 17
#2/F 5.9 20.1 3.5 261.1 8 R: complete abduction
and adduction
11
L: slight adduction
#3/F 0.4 4.6 16.4 360.4 7 R: complete abduction
and adduction
13
#4/M 1.3 4.7 18.5 328.0 6 N 55
F 5 female; HNR 5 harmonic-to-noise ratio; L 5 left side, M 5 male; N 5 no movement; QOL 5 quality of life score; R 5 right side.
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increased vulnerability, and swelling of the soft tissue of
the neonates, a short-term postoperative intubation is
always prudent along with parenteral steroid therapy.
Temporary intubation may also help by the maintaining
the lateralized position of the arytenoid cartilage, although
our report did not compare this to any cases that were
immediately extubated. Perioperative empiric intravenous
antibiotic therapy is also indicated.
Fig. 3. Complete regeneration of the right vocal cord movements after left-sided endoscopic arytenoid abduction lateropexy (patient #3,
3rd postoperative week). (a) Right side abduction. (b) Right side adduction.
Fig. 4. Endoscopic pictures of the lateralized left vocal cord. (a) Patient #1 (3rd postoperative week). (b) Patient #2 (2nd postoperative
week). (c) Patient #3 (2nd postoperative month). (d) Patient #4 (4th postoperative year).
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The presented lateralization technique does not
impair laryngeal sensation, which is essential for protec-
tive laryngeal reflexes.25 This is consistent with our
experience in adult patients who have not had signifi-
cant aspiration after arytenoid cartilage lateralization.
After the removal of the nasogastric feeding tube, the
newborns in this series could be easily fed and nurtured.
This is supported by parental reports and by the regis-
tered weight gain and length growth. Despite the comor-
bidities and the long hospitalizations, the weight-for-age
and length-for-age percentiles show a normalization
after the initial growth delay. The objective measure-
ments of voice quality are very limited at this age, but
the results of the voice analysis are consistent with the
QOL questionnaire’s results. The postoperative glottic
configuration of a small angle in the anterior commis-
sure and the straight and tensed vocal cords allows
acceptable phonation closure in case of contralateral
vocal cord recovery.10,26 This not only allows voice
improvement after spontaneous reinnervation, as was
seen in the second and third case, but helps to maintain
the airway patency. This procedure is reversible in
adults, and therefore likely reversible in children. How-
ever, we did not undertake any reversal on the infants
during this study period. Reversal needs to be carefully
considered, because reinnervation of the two vocal cords
does not necessarily occur simultaneously. We have
observed in adults that when reversal is undertaken
because the contralateral vocal cord’s movement has
recovered, the released (but potentially still paralyzed)
vocal cord can remedialize after the suture removal.27
Although that is acceptable in an adult, in the young
and very small larynx this medialization might cause a
significant increase in airway resistance. As the unilat-
eral lateralization suture does not cause any swallowing
or phonation impairment, it was not removed after par-
tial functional recovery. This was in accord with the
parents’ decision. The suture removal can be considered
in the future if endoscopic and/or laryngeal electromyo-
graphic examinations confirm the reinnervations or
when the larynx has grown larger.
Endoscopic examinations proved the stable position
of the lateralization sutures and the abducted arytenoid
cartilage after 4 years in the one patient we followed for
that long. This surgical intervention might be a long-
term solution, even in fast-growing laryngeal structures
(Fig. 4).
CONCLUSION
According to our preliminary results, the minimally
invasive and quick EAAL might be a more favorable
solution for neonatal BVCP than earlier treatment strat-
egies. In one step, the airway can be maintained without
the risk of any permanent damage to voice production.
Good swallowing function is also preserved. In addition
to these benefits, it should be easily reversible. The spe-
cially modified ETGI gives a fast and effective option to
create the lateralized arytenoid position even in the
technically challenging surgical context of a neonatal
larynx. Follow-up long-term outcomes and additional
patients need to be studied to further validate this
procedure.
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Comparison of Endoscopic Techniques Designed for Posterior Glottic
Stenosis—A Cadaver Morphometric Study
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Objectives/Hypothesis: Posterior glottic stenosis may cause more or less severe dyspnea. The popular endoscopic pro-
cedures have only a limited role in the treatment. Considering our clinical experiences, endoscopic arytenoid abduction latero-
pexy (EAAL) after proper mobilization of the fixed joints provides an effective option even in high-grade stenoses.
Study Design: To confirm these clinical observations, a morphometric study was performed in 100 cadaver larynges
(50 male, 50 female) to objectively compare the endoscopic glottis-widening procedures.
Methods: The postoperative measurements of the posterior commissure following EAAL, classic vocal cord laterofixation
(VCL), transverse cordotomy (TC), and arytenoidectomy (AE) were assessed by a digital image analyzer program. The
distance between the vocal process of the lateralized vocal fold and the midline, the angle between the axis of the posterior
commissure midpoint, and the vocal process and laryngeal median sagittal line were measured.
Results: EAAL was found to be more effective in improving the posterior glottis configuration; however, AE and VCL
were beneficial as well.
Conclusions: Our morphometric study proved that organ-preserving EAAL provided more space in the posterior glottic
area. Fibrous reconnection and contraction of the scar can be minimized in this way, which may be the clinical efficacy
explanation.
Key Words: Arytenoid lateropexy, endoscopic laryngeal microsurgery, posterior glottic stenosis.
Level of Evidence: N/A.
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INTRODUCTION
The posterior commissure involves the dorsal third
of the vocal cords, the cricoid lamina, the arytenoid car-
tilages, and the interarytenoid area with the interaryte-
noid muscles and their covering mucosa.1,2 Injury may
lead to scar and to posterior glottic stenosis (PGS), limit-
ing normal glottic motion by resulting in one or both
arytenoid cartilages becoming fixed in an adducted posi-
tion. Bilateral fixation commonly causes severe dyspnea,
which may require tracheostomy. In the past decades,
prolonged intubation, because of the increase of patients
undergoing assisted ventilation, has become the most
frequent cause of PGS, occurring in approximately 1% of
cases.3 The effect is a pseudoparalysis of normally inner-
vated vocal cords.3–5
The moderate to severe dyspnea caused by bilateral
vocal cord fixation generally requires surgical interven-
tion depending on the grade of the stenosis (e.g.,
Bogdasarian-Olson classification6 [Table I]) and the
experience of the surgical team. Several different proce-
dures have been introduced,7,8 but the treatment of this
hazardous vocal fold fixation still poses a great challenge
even today. A simple scar transection provides limited
and short-lived success even in mild cases because of the
destruction of the deeper layers of the posterior glottis
and cricoarytenoid joints. Also, the connecting raw
wound surfaces increase the risk for restenosis. This is a
well-known problem of other widely used procedures
such as the transverse cordotomy (TC)9,10 or the aryte-
noidectomy (AE).5 Moreover, due to the originally dam-
aged state of the posterior commissure, the effect of
these procedures may be to worsen the stenosis. Eckel
et al., in a consecutive series of 32 bilateral vocal cord
mechanical fixations (limitation of the cricoarytenoid
joint’s movements) only 44% decannulation rate could be
achieved with these methods.11 However, by open techni-
ques these results could be improved to 100%,11–13 but
tracheostomy might have to be sustained for weeks, and
many of these patients had to face a significant deterio-
ration of laryngeal function and voice. By contrast, in
our earlier studies14,15 we presented a consecutive series
of 42 patients with different grades of stenosis. All were
treated successfully by a minimally invasive endoscopic
method following the resection of fixating scar, and
mobilization of the cricoarytenoid joints and a temporary
endoscopic bilateral arytenoid lateropexy. This approach
provided not only significant airway improvement but
also a functional larynx secondary to vocal cord motion
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recovery. The rate of success was found to be more favor-
able compared to other procedures. Many authors have
previously suggested a stent, a keel,12,13,16–18 or a muco-
sal flap19 to keep open the posterior glottis space after
the scar resection, but these interventions succeeded
only in low-grade stenosis and also often required
tracheostomy.
The purpose of our method is to provide the largest
possible space in the posterior commissure, thus keeping
the wounds apart until healing,14,20 diminishing the
chance of developing a fibrin cicatrix. Moreover, the
durable separation of the opposing wound surfaces over
a period of weeks counters the contraction forces of the
scarring process due to the myofibroblasts in early
healing.21
The widest aperture means maximal inspiratory
abduction of the arytenoid cartilage relative to the cri-
coarytenoid joint anatomy. Our operation, referred to as
arytenoid abduction lateropexy, which is based on physi-
ological abduction, confers a better effect than the other
endoscopic methods. The effectiveness of different
glottis-enlarging techniques described in the literature
cannot be analyzed easily. The case numbers are gener-
ally so low as to make it hard to study common groups.
Only one procedure can be performed on one patient, so
the different methods cannot be reasonably compared in
clinical practice. The aim of this study, which was based
on a large number of cadaver larynges, was to avoid this
limitation. By assessing the effectiveness of different
endoscopic procedures, each performed on the same
cadaver larynx, an objective comparison was possible.
This has not been done previously.
MATERIALS AND METHODS
Cadaver Workup and Documentation
One hundred freshly excised cadaver larynges (50 male
and 50 female) were analyzed. For a better view of the glottic
area the epiglottis and the vestibular folds were removed (Fig.
1). Larynges were inserted into a fixation device and secured
with three screws along the cricoid cartilage, which resisted
deformation caused by the screws. The screws were always in
the same position in each larynx. High-resolution digital photos
were taken from a top view with a Nikon D60 camera (Nikon
Corp., Tokyo, Japan) fixed on a tripod, with a Nikon 18–55/
F3.5-5.6 AF-S DX G VR lens. The fixation device made it possi-
ble to take all photos from a consistent position.
In the first study, the effect of different simple suture-
based glottis-widening techniques on the posterior glottic aper-
ture were measured in 60 larynges (30 male and 30 female).
First, the normal cadaveric position of the larynges was docu-
mented. Then four different suture lateralization maneuvers
were performed, one by one, on the left side on each larynx.
Typical needle holder and suture materials were used; the read-
ily accessible glottis obviated the need for special instruments.
All procedures were performed according to the techniques
described in the literature.
Suture Lateralization Procedures
Classic vocal cord laterofixation. The vocal cord was
lateralized and fixed by a thread loop inserted on the vocal pro-
cess or just anterior to it. There are two types: Lichtenberger’s
endo-extralaryngeal22 and Ejnell’s exo-endolaryngeal proce-
dure.23 In this study, the suture loop was placed according to
Lichtenberger’s concept,22 which allows for a more precise loop
formation around the vocal process (Fig. 2A).
Modified vocal cord laterofixation. Lichtenberger’s
later modification of vocal cord laterofixation (VCL)12 was also
examined, in which a second thread was inserted a couple of
millimeters anteriorly from the original one (Fig. 2B).
Endoscopic arytenoid abduction lateropexy. In the
endoscopic arytenoid abduction lateropexy procedure (EAAL),14
the arytenoid cartilage was rocked into its maximally abducted
position, and then a thread loop was placed round the vocal pro-
cess (Fig. 2C).
These minimally destructive procedures were performed
on each larynx. They were taken in turns so that the prior sur-
gical technique would not affect the results. The thread loops
were positioned into the position described in the original publi-
cations, and then knotted on the outer surface of the thyroid
cartilage.
Schobel’s external lateralization procedure (SELP).
As the control group of the endoscopic methods, Schobel’s
external lateralization procedure8 was performed last because it
causes a greater amount of tissue damage. The arytenoid
cartilage is tilted and fixed laterally with two submucosally
placed sutures; one is knotted on the posterior margin and the
second is placed around the superior horn of the thyroid
cartilage (Fig. 2D).
TABLE I.
Bogdasarian–Olson Classification for Posterior Glottic Stenosis.
Bogdasarian and Olson classified the extent of posterior glottic stenosis
into the following four types:
Type I: Vocal process adhesion
Type II: Posterior commissure stenosis with scarring in the
interarytenoid plane and internal surface of the posterior cricoid
lamina
Type III: Posterior commissure stenosis with unilateral
cricoarytenoid joint ankylosis
Type IV: Posterior commissure stenosis with bilateral
cricoarytenoid joint ankylosis
Fig. 1. Cadaver larynx in the fixating device. The supraglottic soft
tissues and cartilages were removed to improve visualization.
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Resection Procedures
In the next part of the study, TC was compared to EAAL
on 20 cadaver larynges, and finally AE was compared to EAAL
on 20 different larynges. Because of the irreversibility of these
procedures, two subgroups were created. Prior to the surgery,
the supraglottic parts were also removed, and the same instru-
mentation was used for the fixation and documentation.
The Dennis and Kashima TC. In the Dennis and
Kashima TC,10 an incision was made at the vocal process, and a
wedge-shaped defect was created by the removal of the middle
third of the vocal cord (Fig. 3).
The Ossoff total AE. In order to simplify the procedure,
the left arytenoid was completely removed along with the sur-
face mucosa in the Ossoff total AE.24 In common surgical prac-
tice, the medial mucosa is normally kept in place, but we
wanted to evaluate the theoretical maximum efficacy of the sur-
gical method so we removed it. In this study, cold instruments
were used for the procedures (Fig. 4).
Digital Image Analysis
ImageJ digital picture analyzer software (National Insti-
tutes of Health, Bethesda, MD) was applied to measure the cho-
sen parameters describing the posterior commissure; in the
plane perpendicular to the median-sagittal plane of the lar-
ynges, the distance between the left vocal process and sagittal
midline of the larynx was measured (Fig. 2, arrow). Then, the
angles between the long axis of the vocal process, the posterior
commissure midpoint, and the laryngeal median-sagittal line
were measured (Fig. 2, a). In the 20 larynges treated with AE,
the furthest point of the gained glottic area (for distance mea-
surement) and the most posterior point of the left vocal cord
(for the angle) were chosen (Fig. 4A). Repeated measure analy-
sis of variance was used to compare the surgical results. Pair-
wise comparisons were performed based on estimated marginal
means using the Sidak adjustment for multiple comparisons.
SPSS 20.0 (IBM SPSS, Armonk, NY) was used for calculations.
RESULTS
All suture-based glottis-widening techniques pro-
vided a significantly larger posterior glottic area
compared to the area in the cadaveric position (Fig. 5
and Fig. 6). In the case of VCL, no difference occurred in
the results of the one- and two-sutures methods, and the
second loop did not provide additional space in the
Fig. 2. Four different suture lateralizing
techniques performed on the left side of
the same cadaver larynx (larynx no. 18,
male, 63 years old). The analyzed parame-
ters describing the posterior glottis are
marked: the midline–left vocal process dis-
tance (arrow), and the angle between vocal
process–posterior commissure line and
midline (a). (A) Vocal cord laterofixation
(VCL), 1 suture. (B) VCL, 2 sutures. (C)
Endoscopic arytenoid abduction latero-
pexy. (D) Schobel’s method.
Fig. 3. Transverse cordotomy (A)
and endoscopic arytenoid abduction
lateropexy (B) (larynx no. 68, male,
74 years old). The analyzed parame-
ters describing the posterior glottis
are marked: the midline–left vocal
process distance (blue arrows), and
the angle between vocal process–
posterior commissure line and mid-
line (yellow).
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posterior glottis. EAAL and Schobel’s method were pro-
ven to be significantly more effective than VCL. The
measurements after EAAL were not significantly better
than the change after SELP (Table II).
In the second part of the study, EAAL was com-
pared to the resection surgical techniques. This proved
to be the most effective suture lateralizing method
(Table III). After TC, the configuration of the posterior
glottic area essentially did not change. AE seemed to be
less effective than EAAL because it caused no lateraliza-
tion of the rest of the vocal cord.
DISCUSSION
Morphometric studies analyzing the results of dif-
ferent glottis-widening procedures had already been
published. Eckel and Sittel used shock-frozen cadaver
larynges to measure the efficacy of cordotomy and AE.
Horizontal sections were produced, and cross-sectional
areas of the vocal cords and arytenoids were measured
using a computer-aided morphometry device.25 Their
method provided an objective comparison between the
examined procedures, but it was expensive and time con-
suming, which likely limited the extension of the study
as evidenced by the lack of follow-up work. The great
anatomical variability of the larynx requires a large
number of study specimens.26 Other deficiencies were
that the horizontal projection of the three-dimensional
Fig. 4. Arytenoidectomy (A) and
endoscopic arytenoid abduction lat-
eropexy (B) (larynx no. 83, female,
68 years old). The analyzed parame-
ters describing the posterior glottis
are marked: the midline–left vocal
process distance (blue arrows), and
the angle between the vocal pro-
cess–posterior commissure line and
midline (yellow). [Color figure can be
viewed in the online issue, which is
available at wileyonlinelibrary.com.]
Fig. 5. The improvement of midline-vocal process distance after
left-side manipulation. Box plot displaying the extremes, upper
and lower quartiles, and the median of the difference between the
cadaver and postoperative status. AE5 arytenoidectomy;
EAAL5 endoscopic arytenoid abduction lateropexy; SELP5Scho-
bel’s method; sut5 suture; TC5 transverse chordotomy; VCL5
vocal cord laterofixation.
Fig. 6. The improvement of the angle of the posterior commissure
(o5grad). AE5 arytenoidectomy; EAAL5 endoscopic arytenoid
abduction lateropexy, grad5gradian; SELP5Schobel’s method;
TC5 transverse cordotomy; VCL5 vocal cord laterofixation.
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movements of the arytenoids might not have been ana-
lyzed by their method, and different glottis-widening
methods could not be performed on the same organ.
These technical limitations were avoided by apply-
ing our simple digital image-based morphometric analy-
sis method. When the fresh cadaver larynges are fixated
in a standard position and in sharp high resolution, dis-
tortionless photos can be taken. The surgical anatomical
parameters of different procedures can therefore be
assessed in the plane perpendicular to the median-
sagittal plane of the larynges. A large number of lar-
ynges were used, which allowed appropriate statistical
comparison between procedures. Considering the ana-
tomical variability of each larynx, repeated measures
with each organ further strengthened our study.
Theoretically, an open posterior commissure after
surgery for PGS should be tractioned in its new configu-
ration to prevent restenosis. This can clearly be achieved
when the arytenoid cartilages are repositioned to that of
maximal. The movement of the cricoarytenoid joint is
not a simple rotation around the vertical axis. This is
generally considered to be the theoretical basis for sim-
ple VCL techniques and exists only in standard anatomy
textbooks.27 Wang has convincingly demonstrated that
during abduction, the lateral sliding motion of the vocal
process is accompanied by an upward and occasionally
slightly posterior movement. Simultaneously, the aryte-
noid cartilage turns laterally and upward on the cricoid
cartilage facet.28,29
Our cadaver studies focused on the morphological
configuration changes of the posterior glottic area
caused by different glottis-widening procedures. They
proved that this abducted position of the joint could be
accomplished by tilting the arytenoid cartilage back-
ward and then fixating it with a suture loop. EAAL is
based on these maneuvers,15 and therefore, in our
opinion, provides better results than other suture lat-
eralization methods. This technique spares the phona-
tory surface of the vocal cords, which should enable a
better postoperative voice than procedures involving
the resection of the glottis. When treating posterior
glottic stenosis the procedure is performed bilaterally,14
so the contrast with the results of different techniques
is even more distinct. This study was performed on
normal cadaver larynges, but these results can be
extended to actual clinical circumstances when the
posterior commissure is not pliable or stretchable. Our
method, which cut the posterior glottic and cricoaryte-
noid intracapsular scars by CO2 laser and a right-
angle endoscopic blade,14 allows the creation of this
widened glottic configuration.
The analysis of VCL showed some improvement,
but the second suture loop does not enlarge the poste-
rior glottis. Schobel’s method of external arytenoid lat-
eropexy proved to be more effective, with the results
being comparable to the results of minimally invasive
EAAL. TC produced no significant area increase in the
posterior commissure compared to the initial cadaveric
position. TC may be effective in the treatment of dysp-
nea, but the configuration of the damaged posterior
glottic area did not change. The arytenoid remained in
a median position. As such, the expected postsurgical
scar formation10 may cause more severe dyspnea in
the long run than in the case of bilateral vocal cord
paralysis.
AE provided better results than VCL, but worse
than EAAL. This intervention does not really change the
position of the rest of the vocal cord. In some cases, vocal
fold adduction happened because of the lack of connec-
tion between the arytenoid joint and the rest of the vocal
cord. The scarred posterior commissure makes it difficult
to create a mucosal flap, preserving the medial mucosa
of the arytenoid, especially in the case of a fixed contra-
lateral arytenoid. This clinical situation promotes signifi-
cant restenosis. Another basic handicap of all the
techniques involving vocal fold resection is that the
removal of glottic tissue commonly causes irreversible
loss of vocal function.
TABLE II.
Statistical Correlations of the Results of Suture Lateralizing Proce-
dures (n5 60): Comparison of the Horizontally Signed Method to
the Vertically Written Method.
VCL 1 VCL 2 SELP EAAL
Midline-vocal process distance
CP * * * *
VCL 1 NS NS †
VCL 2 NS NS †
SELP NS NS NS
Angle in the posterior commissure
CP * * * *
VCL 1 NS † †
VCL 2 NS † †
SELP ‡ ‡ NS
*Significantly higher, P<.0001.
†Significantly higher, P<.01.
‡Significantly lower, P<.01.
CP5 cadaver position; EAAL5 endoscopic arytenoid abduction later-
opexy; NS5 not significant; SELP5Schobel’s method; VCL5 vocal cord
laterofixation.
TABLE III.
The Statistical Correlations Between the Results of EAAL and
Resection Procedures (N520): Comparison of the Horizontally
Signed Method to the Vertically Written One.
AE TC EAAL
Midline-vocal process distance
AE * NS
TC † †
EAAL NS *
Angle in the posterior commissure
AE ‡ §
TC § †
EAAL ‡ †
*Significantly lower, P<.0001.
†Significantly higher, P<.0001.
‡Significantly lower, P<.01.
§Significantly higher, P<.01.
AE5 arytenoidectomy; EAAL5 endoscopic arytenoid abduction later-
opexy, NS5 not significant; TC5 transverse cordotomy.
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CONCLUSION
These morphometric cadaver studies confirmed that
special maneuvers and suture fixation by EAAL can
rock the arytenoid cartilage into its maximally abducted
position, thereby providing the largest posterior glottic
configuration compared to other endoscopic glottic-
widening techniques. Fibrous reconnection and contrac-
tion of the scar tissue can be minimized in this way.
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A New Thread Guide Instrument for
Endoscopic Arytenoid Lateropexy
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Objectives/Hypothesis: The varied etiology of
bilateral vocal cord immobility (BVCI) requires a
wide range of surgical approaches. A new endolaryng-
eal thread guide instrument (ETGI) is presented here
for a minimally invasive endoscopic lateropexy of the
arytenoid cartilage, which might serve as a basis for
a simple solution for the main types of BVCI.
Study Design: Prospective study of BVCI
patients who underwent surgery, including 22 bilat-
eral vocal cord paralyses (BVCP), 12 mechanical fixa-
tions (MF), 10 posterior glottic stenoses, and two
rheumatoid ankyloses.
Methods: The ETGI is based on a built-in mova-
ble curved blade with a hole at its tip to guide a
thread in and out again between the skin and the la-
ryngeal cavity. The loops formed around the arytenoid
cartilage cause abduction. In cases of fixations, the
cricoarytenoid joints were properly mobilized as a
first step with a combination of cold technique and
CO2 laser.
Results: As spirometric tests proved, 32 patients
achieved improved breathing ability. One temporary
tracheostomy was necessary and one patient with
ongoing radiotherapy could not be decannulated. Sub-
jectively, twelve patients’ voices improved or approxi-
mated normal quality due to complete vocal cord
recoveries on at least one side after lateropexy was
ceased. Incomplete recovery with more or less
impaired voice was observed in 16 cases. Three MF
patients and two BVCP patients with poor overall
health condition had severe dysphonia.
Conclusions: Combined with simple and readily
available methods, endoscopic arytenoid lateropexy is
an effective solution for BVCIs with various etiologies.
The ETGI facilitates this procedure with rapid and safe
creation of fixating loops at the proper position.
Key Words: Arytenoid lateropexy, laryngeal
microsurgery, laryngeal rheumatoid arthritis, vocal
cord immobility.
Level of Evidence: 4.
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INTRODUCTION
Bilateral vocal cord immobility (BVCI) is a term used to
describe vocal cords that are restricted secondary to neurop-
athy, muscular disorders, or mechanical fixation (MF).1 The
moderate to severe dyspnea generally requires surgical
intervention. However, the recently suggested endoscopic
treatment modalities2,3 might restore the airway patency in
bilateral vocal cord paralysis (BVCP), but treatment of MF
often requires external procedures (e.g., laminotomy).4,5
Potential reversibility of BVCP means a further therapeutic
challenge that necessitates a complex assessment6 and grad-
ual application of those techniques that resect the glottic
structures.3,7 Our earlier studies demonstrated long-term
dependable results if the arytenoid cartilage is directly later-
alized to the normal abducted position8 by endoscopically
inserted sutures. We observed the benefit of this procedure
not exclusively in BVCP9 but even in severe cases of MF af-
ter proper mobilization of the cricoarytenoid joint (CAJ).10
Nevertheless, the correct creation of this more posterior
location of fixating loop is practically impossible through an
externally inserted needle as it is described by the Ejnell’s
procedure.11 This special suture placement is also a chal-
lenge for the original Lichtenberger device10,12 because the
thyroid cartilage is more dense in that area. Moreover, these
techniques share a common problem, that is fixating threads
are led through the oral cavity, which increases the risk of
perichondritis, one of the possible complications of these pro-
cedures.9,12,13 For this reason, as demonstrated by the result
of a series of BVCI patients with different etiology, a new
procedure performed with the prototype of an endolaryngeal
instrument is introduced here. This thread guide device is
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purposely designed for safe, accurate, and fast suture loop
creation for the endoscopic arytenoid lateropexy (EAL).
MATERIALS AND METHODS
The principle of the endolaryngeal thread guide instru-
ment (ETGI) is the utilization of a built-in, movable curved
blade with a hole at its tip (Fig. 1B) allowing a suture thread to
be guided in and out between the exterior surface of the neck
and the internal laryngeal cavity. The stem of the instrument is
a rigid steel pipe, curved at its distal, blade-holding end, cre-
ated to fit into midsized, closed laryngoscopes. The second
component is a rod, largely cased within the steel pipe stem. At
the uncased proximal end of the rod is a freely rotating finger
Fig. 1. The endolaryngeal thread
guide instrument (ETGI). (A) The
parts of the ETGI (the blade is
pulled back). (B) The built-in, mova-
ble, curved blade in a pushed-out
position with a hole at its tip. s ¼
steel pipe stem; r ¼ rod; h ¼ han-
dle; c ¼ clamping screw; f ¼ finger
clip.
Fig. 2. Intraoperative pictures of a 67-year-old female demonstrate the efficacy of the method even in a small female larynx (see detailed
explanation in the text); ends of threads situated under the vocal process (u); ends of threads situated over the vocal process (o) are just
being pulled back (p) under the skin through a small skin incision by a Jansen hook.
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clip. At the distal end of the rod is the curved blade, appropri-
ately designed to fit the curvature of its stem casing. The
connection between the blade and the rod is fixed but flexible,
ensuring forceful blade movement on exit and re-entry of the
curved stem end. The pull and push of the finger clip (with the
thumb) causes the in-and-out blade movement from the stem
end. At rest, the blade is inside the curved stem end. The third
component of the instrument is the ergonomic handle, which
also serves as a shaft to hold the instrument in a straight posi-
tion. The steel stem of the instrument is fixed to the handle
with a clamping screw after turning it to the desired direction.
The structural rigidity of the ETGI ensures easy penetration
through the thyroid cartilage. The device has the approval of
the Hungarian Health Care Institute.
General anesthesia combined with supraglottic jet ventila-
tion is suggested. For the sake of maneuverability, the larynx is
exposed with a Weerda laryngoscope (Fig. 2A) or with a Macin-
tosh laryngoscope (in three females with difficult direct
laryngoscopy). In cases of MF a strong, right-angled, saber-
shaped scythe designed by our team is used for dividing the
adhesions in CAJ, which is completed with CO2 laser scar exci-
sion in posterior glottic stenosis (PGS).10 In cases of BVCP
unilateral EAL was performed, and in cases of MF bilateral
EAL was performed. After disinfection of the mucosa the ETGI
is led through the laryngoscope to the glottic level. The mobile
(or mobilized) arytenoid cartilage is tilted backward and
upward with the end of the instrument (Fig. 2B). The built-in,
curved blade is then pushed through under the vocal process
out to the surface of the neck (Fig. 3A). A nonabsorbable suture
thread (Prolene 1.0; Ethicon, Somerville, NJ) is laced through
the hole at the tip of the blade by an assistant surgeon (Fig. 2C
and Fig. 3A). The doubled-over thread is pulled back with the
blade, into the laryngeal cavity (Fig. 3B). After a repeated tilt-
ing of the arytenoid cartilage (Fig. 2D), the blade is pushed out
with the thread above the vocal process to the outer surface of
the neck (Fig. 3C). The assistant surgeon then cuts the double-
folded thread to remove it from the blade tip. The blade is then
pulled back into the laryngeal cavity, and the ETGI can be
removed. A small skin incision (approximately 5 mm) is then
created to withdraw the ends of the thread by a Jansen hook to
the surface of the sternohyoid muscle (Fig. 2E). The correspond-
ing ends are knotted above it (Fig. 3D). This simple procedure
enables the endoscopic creation of two fixating loops in one step
at suitable laryngeal locations, providing maximal physiological
abduction of the arytenoid cartilage (Fig. 2F and Fig. 3D)
within 5 minutes. In case of PGS a topical mitomycin-C
Fig. 3. Schematic drawing of the procedure (detailed in the text). The skin (s) is illustrated only on the last picture to achieve better visual-
ization. Arrows indicate the direction of the thread guiding. m ¼ sternohyoid muscle.
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application is considered.10,14,15 In the peri- and postoperative
period parenteral antibiotics, steroids for a few days, and
speech prohibition for a week are suggested.10 The suggested
hospitalization is about 3 days. The sutures can be removed if
recovery is detected at BVCP or in MF after 8 weeks once re-
epithelialization in the posterior commissure was confirmed.
Patients
From 2005 to 2008, 34 consecutive patients (21 females,
13 males) were diagnosed and treated by ETGI for BVCI. Their
follow-up was between 12 months and 47 months (mean, 27
months). The ages ranged from 18 to 68 years with a mean of
49 years. There were 22 patients in the BVCP group (surgical
complications of 18 thyroid surgery and one cricotracheal resec-
tion were three esophageal tumor infiltrations of the recurrent
laryngeal nerves). Ten of 12 cases of MF were considered being
PGS. Two patients had laryngeal involvement of rheumatoid ar-
thritis (RA). After receiving information about the possibility of
worsening voice quality, all of the patients chose EAL instead of
tracheostomy or the ‘‘watch and wait’’ policy. The study was
approved by the Institutional Review Board of Szeged
University.
RESULTS
In all patients, the ETGI successfully enabled the cre-
ation of fixating loops at the effective laryngeal positions.
In one immune-suppressed female with RA and one male
TABLE I.
Early and Late Postoperative Spirometric Results.
Bilateral recurrent nerve paralyses (n ¼ 22; female/male ¼ 17/5)
Age (years) Preop* PIF (l/s)Postop† Final results
Mean 53.0 1.47 2.39 2.79
Min./max. 26/78 0.5/2.12 0.78/3.62 1.75/4.0
SD 612.4 60.42 60.78 60.67
Mechanical fixations Posterior glottic stenoses (n ¼ 10; female/male ¼ 3/7)
Age (years) Preop‡ PIF (l/s) Postop Final results
Mean 45 1.77 2.72 4.04
Min./max. 28/66 1.25/2.37 1.75/4.37 2.7/5.62
SD 615.65 60.45 60.83 60.98
Rheumatoid arthritis with ankylosis (n ¼ 2; female/male ¼ 1/1)
Sex/Age (years) Preop PIF (l/s) Postop 12th month
female/49 1.15 1.87 1.75
male/18 1.85 2.25 2.37
The normative PIF value16 in mixed-gender, healthy, young population is 4 L/s. In cases of unilateral VCP the PIF is about 70% to 80% of the normative
value.17 These facts suggest that the postoperative PIF of these older, dominantly female BVCP patients approximates to the theoretical maximum value,
therefore the glottic configuration of EAL (Fig. 3A) is similar to a unilateral VCP patient in inspiration.
*One patient with cannula, two intubated patients, and three patients with severe suffocation were not measured.
†Three patients with cannula and two patients with severe suffocation were not measured.
‡Temporary tracheostomy for 2 weeks.
One patient was not decannulated.
^At least 1 year after EAL (patients with advanced esophageal tumor died in the 6th and 8th month).
PIF ¼ peak inspiratory flow; SD ¼ standard deviation.
Fig. 4. Late result of endoscopic
arytenoid lateropexy (67-year-old
female demonstrated in Fig. 2). (A)
At the end of the 12th month there
is no medialization in the position of
the lateralized left arytenoid carti-
lage. (B) Active adduction of the
contralateral side can be observed
during phonation, which allows ac-
ceptable voice production.
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with ongoing chemoradiotherapy due to an upper esopha-
geal cancer, a temporary and a permanent tracheostomy
had to be performed. Except for these two cases no signifi-
cant postoperative complications, vocal cord
remedialization have been observed. The remarkably
improved16,17 peak inspiratory flow (PIF) in the first post-
operative day (62%) and the almost doubled values 1 year
after the operation (Table I) indicated the immediate and
long-term reliability of the procedure (Fig. 4A). In terms of
phonation (Table II), from the 33 successfully treated
patients a complete vocal cord recovery has been detected
in six BVCPs (four bilateral, two unilateral) and in six
MFs. Their voice parameters were at or near the normal
quality after fixating suture removal. Further, 13 BVCP
patients demonstrated incomplete, dominantly adduction
recovery on the nonlaterofixed side (Fig. 4B). In three
cases of MF the temporary bilateral EAL provided re-
markable glottic enlargement but somewhat reduced
adduction ability. These 16 patients had posterior phona-
tion closure insufficiency, a more or less hoarse and
breathy but socially acceptable voice. Further, two cases of
high-grade PGS and the second RA case have had remark-
ably impaired adduction with severe dysphonia. The
remaining two permanent BVCP patients with advanced
esophageal tumor and chronic obstructive pulmonary dis-
ease associated with chronic laryngitis had severe
aphonia.
DISCUSSION
During abduction, the lateral sliding motion of the
vocal process is accompanied by an upward and occa-
sionally slightly posterior movement, with the arytenoid
cartilage turning laterally and upward on the cricoid
cartilage facet.8 This is the key to a really effective sim-
ple suture lateralization procedure, because it is obvious
that the lower resistance against the fixating sutures
arises if the joint is moved in its natural way. This posi-
tion provided a more significant glottic enlargement
(þ55%, P <.00002) than the regular double-loop vocal
cord laterofixation12 in our objective morphometric
study18 made on 60 cadaver larynxes. This explains the
PIF difference in a similar group of BVCP patients
measured after the latter procedure (their postoperative
mean, 2.01 l/s; increase, 45%).19 Additionally, this posi-
tion allows loops stay on the stable surface of cartilage
and not let them slip to and cut through the vocal cord.
This more posterior loop creating, however, is a chal-
lenge for the earlier methods.12,20 Moreover, the ETGI
ensures continuous suture guiding; there is no need for
repeated external recharge of the instrument compared
to Lichtenberger’s device.12 Ejnell’s procedure is more
time consuming because the thyroid cartilage is more
widely exposed.20 Considering these facts the accurate
loop creation for EAL is safer and quicker by ETGI.
Further advantages of this compact technique are
the following: 1) it can be applied easily in cases of diffi-
culties of direct laryngoscopy (use of Macintosh
laryngoscope); 2) the double loop creation with one ma-
neuver, aside from the increased efficiency, diminishes
the risk of vocal cord remedialization (e.g., a rupture of
one of the sutures);13,20 and 3) the thread moves within
the disinfected laryngeal cavity and the skin, therefore
the drug administration (to avoid the edema and peri-
chondritis) can be diminished. The method utilizes the
normal mechanism of abduction, thus the possible con-
traindications are limited. In these unselected cases of
patients with isolated BVCI the two complications origi-
nated from the suppressed immune status. An airway
infection might also be a contraindication.
CONCLUSION
EAL as a primary treatment might serve as a mini-
mally invasive, effective, dynamic solution for most
cases of BVCI. ETGI is specifically designed for this
method, therefore it can facilitate this procedure. The
simplicity of the intervention, the large degree of
reversibility, the easily detectable laryngeal function
recovery, and the good long-term results, might simplify
the management of these patients with usually iatro-
genic etiology.
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The structure of the ETGI enables us to penetrate
into the densest part of the thyroid cartilage. In this
way, endoscopic arytenoid abduction lateropexy can
be achieved by a double thread loop creation in one
step. The laryngeal anatomical structures remain
intact, which has many advantages in terms of thera-
peutical effect. 
The airway enlargement is reversible to a large
extent, so the laryngeal functions can be preserved in
case of temporary inferior laryngeal nerve injury, or
when this procedure is used for the prevention of
restenosis, for example in the case of posterior glottic
stenosis.
This is also a cost effective procedure, as the time
the patient spends in theatre and post-operative care
is reduced. Moreover, it simplifies the pre-operative
assessment procedure and minimises the need for
external procedures such as tracheostomy, lamino-
tomy, etc.
Before the procedure the patient’s status should
be assessed for infection, immune deficiency, post
chemo-radiotherapy or any other disease may cause
inter or post-operative morbidity. These patients will
need more complex administration of antibiotics.
Description of the instrument
The key component of the ETGI is based on a built-
in, moveable, curved blade with a lacing hole (eye) at
its tip in order to guide a thread in or out between
the outer surface of the neck and the laryngeal cavity
(Figure 1). 
The stem of the instrument is a rigid steel pipe
with a curve at its distal, blade-holding end, created
to fit into midsized, closed laryngoscopes.
Considering the size differences of the larynx, three
different measures of the steel pipe were designed
with appropriate blades. The connection between
the blade and the rod is fixed but flexible, ensuring
forceful blade movement on exit and re-entry of the
curved stem end. The blade is moved by a rod which
is largely cased within the stem. 
At the uncased proximal end of the rod is a freely
rotating finger clip. The pull and push of the finger
clip (with the thumb) causes the in-and-out blade
movement from the stem end. At rest, the blade is
completely cased. The last component of the instru-
ment is the ergonomic handle, which also serves as a
shaft to hold the instrument in a straight position.
The stem of the instrument is fixed to the handle
with a clamping screw after turning it to the desired
direction. The appropriate structural rigidity of the
ETGI ensures penetration through the special points
of the thyroid cartilage [1].
Endolaryngeal thread guide
instrument (ETGI)
T
he endolaryngeal thread guide instrument (ETGI) is a relatively new development in the world of
otorhinolaryngology and head and neck surgery [1]. In this article, we discuss using the ETGI for
a minimally invasive endoscopic arytenoid lateropexy (EAL). The instrument can be used in the
treatment of bilateral vocal cord immobility such as vocal cord paralysis, posterior commissure stenosis,
ankylosis of crico-arytenoid joint and laryngeal web. It has also been successfully used in revision cases of
failed glottis enlarging procedures.
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Figure 1: Endolaryngeal thread guide instrument (ETGI).
Surgical technique
For better manoeuverability, the biblade
laryngoscope is suggested to expose the
larynx. Afterwards, the mobility of the
cricoarytenoid joints is examined by
passive mobilisation. A rigid or ankylotic
joint is mobilised by a strong right- angled
endolaryngeal scythe designed by the
authors. Then, the ETGI is led through the
laryngoscope to the level of the glottis.
The arytenoid cartilage is tilted back-
wards and upwards with the tip of the
instrument, and then the cased curved
blade is pushed through under the vocal
process of arytenoid cartilage out to the
surface of the neck (Figure 2).
Following this, a non-absorbable thread
(Prolene 1.0) is laced up to its midpoint
through the eye of the blade. The thread
folded this way is pulled back to the laryn-
geal cavity. After a repeated tilting of the
arytenoid cartilage, the blade with the
thread is pushed out above the vocal
process. After cutting out the thread from
the blade the instrument is withdrawn
(Figure 3).
A 0.5cm skin incision is necessary for
pulling back the thread ends to the level of
the sternohyoid muscle to knot the autol-
ogous ends on its surface. This technique
enables the creation of a double loop in
one step, in the appropriate spot. The cut
skin of the neck is re-edged with sterile
strips or 4.0 Prolene suture (Figure 4).
Post operative care and follow-up
As a result of contact with the thyroid
cartilage, high dose steroid and antibiotic
administration is necessary for at least 4-7
days. In order to monitor for potentially
reversible paralyses, patients are endoscop-
ically followed up regularly, every 2-4
weeks. The sutures can be removed
through a small skin re-incision if recovery
is confirmed.
Advantages of the procedure
The accurate loop creation for EAL is safe
and quick by ETGI. This provides a remark-
able and long lasting breathing improve-
ment right after the surgery (Figures 5-6).
Patients who wore a cannula before
surgery can be de-cannulated during the
first post-operative days. Further advan-
tages of this compact technique compared
to previous suture lateralisation techniques
are: 
• It can be applied easily in cases where
there are difficulties with direct laryn-
goscopy (use of Macintosh laryngo-
scope)
• The double loop creation with one
manoeuvre, aside from increased effi-
ciency, diminishes the risk of vocal cord
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Figure 2: ETGI surgical technique.
Figure 3: ETGI surgical technique cont.
Figure 4: ETGI surgical technique cont.
remedialisation (e.g. a rupture of one of
the sutures)
• The thread moves within the disinfected
laryngeal cavity and the skin, hence drug
administration (to avoid oedema and
perichondritis) can be diminished 
• Preservation of the laryngeal fine struc-
tures ensures reversibility by simple
removal of the loops
• Preservation of the mucosa of
aryepiglottic fold and interarytenoid
regions maintains the integrity of the
protective laryngeal reflex [3], thus aspira-
tion is negligible. As far as serious post-
operative aspiration, which presented
mostly in fluid intake, we found this
markedly diminished after 2-7 days, as
proven by radiological examinations
(Barium swallow), and generally
completely disappeared after a few weeks.
The method utilises the normal mechanism
of abduction, so the possible contraindica-
tions are limited. However, our series has
pointed out the potential complications as
well. For example, suppressed immune
status or ongoing airway infection may be
relative contraindications.
Conclusion
Combined with simple and readily available
methods, minimally invasive endoscopic
arytenoid lateropexy may serve as the basis
for an effective, dynamic solution even for
the most difficult bilateral vocal fold immo-
bility (VFI) with the preservation of fine
laryngeal structures. The ETGI simplifies and
facilitates this procedure with the rapid and
safe creation of a double fixating loop at the
proper position. Since there are different
sizes of blades with different types of curva-
tures available, it can be used in a number of
anatomical variations. With great extent of
reversibility, easily detectable laryngeal func-
tion recovery, and good functional results,
this surgical procedure may simplify the
management of these patients in the long
term. Thus, unnecessary diagnostic and ther-
apeutic endeavours can be avoided in cases
of usually iatrogenic etiology.
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Figure 6: Post-operative neck computed tomography (CT) scan of the larynx after bilateral EAL. White
arrow shows the output of the thread through the thyroid cartilage. Small black arrows show the
laryngeal fold. Large black arrows indicate the lateralised arytenoid cartilage.  
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SUMMARY 
Objectives: The varied etiology of bilateral vocal fold immobility (bVFI) 
requires a wide range of surgical approaches. A new endolaryngeal thread 
guide instrument (ETGI) is presented here for a minimally invasive 
endoscopic lateropexy of the arytenoid cartilage, which may serve as a basis 
for a simple solution of main types of bVFl. 
Study Design: Prospective study of 34 bVFl patients who underwent surgery 
(22 paralyses, 10 posterior glottic stenoses, and 2 rheumatoid ankyloses). 
Methods: The ETGI is based on a built-in movable curved blade with a hole 
at its lip in order to guide a thread in and out again between the skin and 
the laryngeal cavity. The loops formed around the arytenoid cartilage cause 
abduction. In cases of fixations, the cricoarytenoid joints were properly 
mobilized as a first step with a combination of cold technique and C02 laser. 
Results: As spirometric tests proved, 32 patients achieved improved 
breathing ability. One temporary tracheostomy was necessary and 1 patient 
with ongoing radiotherapy could not be decannulated. Subjectively, twelve 
patients' voices improved or approximated normal quality due to complete 
vocal cord recoveries on at least one side after lateropexy was ceased. 
Incomplete recovery with more or less hoarse voice was observed in 17 cases. 
Five patients had permanent complete laryngeal paresis associated with 
severe aphonia. 
Conclusions: Combined with simple and readily avaliable methods, 
endoscopic arytenoid lateropexy is an effective solution for bVFis with 
various etiologies. The ETGl facilitates this procedure with rapid and safe 
creation of fixating loops at the proper position. 
Key Words: arytenoid lateropexy, laryngeal microsurgery, laryngeal 
rheumatoid arthritis, vocal cord immobility. 
INTRODUCTION 
Vocal fold immobility (VFI) is a collective term used to describe vocal folds 
that are restricted secondary to mechanical fixation, neuropathy or 
muscular disorders (1). Nowadays posterior glottic stenosis (PGS) due to 
prolonged intobation has become the most common cause of mechanical 
vocal cord fixation (MVF) (2), but this may result from many other ankylotic 
processes in the cricoarytenoid joint ( 1 ). The more common vocal cord 
paralysis (VCP) due to neurogenic immobility may occur most frequently 
after recurrent laryngeal nerve injury during thyroid surgery (3). 
In case of bilateral VFl the magnitude of the dyspnea depends on the 
position of the vocal folds and on the cardiopulmonary reserve, but most 
patients require surgical treatment. From the aspect of breathing the 
recently commonly used various types of endoscopic treatment modalities, 
as arytenoidectomy and/or cordotomy (4,5) may provide an appropriate 
solution for paralytic bVFis, but the treatment of mechanical fixations often 
means a difficult question and often necessitates external approach with 
temporary tracheotomy and stenting (6). A further problem of making the 
right decision is that in mechanical fixations the motor innervation is 
generally intact and the paralytic cases are often potentially reversible, so 
surgical techniques based on any kind of resection of the glottic structures 
mean a sacrifice of laryngeal function to some extent (3). These facts point 
out that making the right choice from the various therapeutic options is 
often based on compromises, and the optimized care of patients must rely on 
multiple, often inconvenient diagnostic interventions. 
Our earlier studies (2, 3) demonstrated that the direct endoscopic 
arytenoid cartilage lateropexy to normaJ abducted position by a suture loop 
ensures an immediate adequate airway with the possibility of function 
recovery even in cases of severe stenoses. This minimaJly invasive technique 
may therefore simplify VFI patient care; hence, the diagnosis of and solution 
to dyspnea can be brought about with one endoscopic procedure. 
Nevertheless, the proper endoscopic insertion of the fixating loop is often 
difficult with the earlier methods because of the peculiarity of laryngeaJ 
anatomy. We hereby present an alternative way of suture loop creation by 
the prototype of a new endolaryngeal thread guide instrument, which is 
designed for a safe and simple endoscopic arytenoid lateropexy 
METHODS AND PATIENTS 
Endolaryngeal thread guide instrument (ETGI) (Figure. 1 a) 
The principle of the ETGI is based on a built-in movable cuived blade 
with a hole at its tip (Figure. 1 b) in order to guide a thread in or out between 
the outer surface of the neck and the laryngeal cavity. The stem of the 
instrument is a rigid steel pipe which is cuived at its blade-holding distal 
end in order to fit into mid-sized closed laryngoscopes. The second part is a 
rod placed in the sheath mentioned with a freely rotating finger clip at the 
proximal end and a cuived blade which is appropriately inflected to the 
curvature of the stem. The fixed but flexible connection between the blade 
and the rod ensures a smooth and forceful in or out movement of the blade 
inserted into the tip of the instrument (Figure 1 A and B) by pulling or 
pushing the finger clip with the thumb. The third part is an ergonomic 
handle, which also serves as a shaft to hold the instrument in a straight 
position. The direction of the curved part can be changed by turning the 
stem in the desired direction and fixed to the shaft with a binding piece and 
a bleed clamping screw. 
Surgical procedure and postoperative care 
The procedure is performed under general anesthesia. Supraglottic jet 
ventilation is suggested. For the sake of maneuverability, the larynx is 
exposed with a Weerda Jaryngoscope (Figure lC-F). Afterwards, the mobility 
of the cricoarytenoid joints is examined. In cases of joint immobility C02 
laser and a strong, right-angled sabre-shaped scythe designed by our team 
(2) is used for dividing the adhesions between the arytenoids and/or the 
cricoid cartilage 
The ETGI is led through the laryngoscope to the glottic level. The 
arytenoid cartilage is tilted backwards and upwards with the end of the 
instrument, and then the built-in curved blade is pushed through under the 
vocal process out to the surface of the neck (Figure lD). After this, a 
nonabsorbable thread (Prolene 1.0) is laced by an assistant surgeon up to its 
midpoint through the hole at the tip of the blade. The thread folded this way 
is pulled back with the blade to the laryngeal cavity. After a repeated tilting 
of the arytenoid cartilage, the blade is pushed out with the thread above the 
vocal process (Figure lE). Then the assistant surgeon removes the double­
folded thread with a cut from the blade. Following this the blade is pulled 
back and the ETGI can be removed. A small skin incision (appr. 5 mm) is 
made and the ends of the thread are withdrawn by a Jansen hook through it 
to the surface of the sternohyoid muscle, and the corresponding ends are 
knotted above it. This simple and fast procedure enables the creation of two 
fixating loops in one step in the appropriate spot to approximate the 
maximal physiological abduction of the arytenoid cartilage (Figures 1 F). 
Figure 1. 
The ETGJ and its operation 
demonstrated on a 62-yea 
woman with bilateral VCP 
. ' 
In the pen- and postoperative period the patients are administered 
antibiotics and corticosteroids. The fixating sutures can be removed via a 
small skin reincision if vocal cord recovery is detected on at least one side. 
Patients were followed up every 2 weeks during the first 2 months, 
then monthly until the end of the second year. Their laryngeal status was 
examined by videolaryngoscopy and by spirometric measurements. Peak 
inspiratory flow (PIF) was documented preoperatively. This was repeated for 
all patients after surgery ( 1-4 days) and finally at the end of the first 
postoperative year. 
Patients 
From February 2005 to November 2008 34 patients (21 females and 
13 males) were diagnosed and treated by ETGI for bilateral VFJ at our 
department. The ages ranged from 18 to 68 years with a mean of 49 years. 
There were 22 patients in the VCP group. Bilateral VFI was observed after 
thyroid surgery in 18 cases and after a cricotracheal resection in 1 patient. 
Bilateral tumor infiltration of the recurrent laryngeal nerves was the causing 
factor in another 3 cases. 
Ten of twelve cases of MVF considered being PGS developed after 
prolonged intubation. The remaining 2 patients had bilateral ankylosis due 
to the laryngeal involvement of rheumatoid arthritis. 4 patients wore cannula 
and 2 were in tu bated upon admittance, the others had moderate to severe 
strider at rest and severe strider on exertion. 
RESULTS 
The ETGI enabled us to create the fixating loops in the desired position 
in all patients without any complications. In all except 2 patients, breathing 
improved immediately and considerably after surgery. One patient with 
rheumatoid arthritis required a tracheotomy for 2 weeks for an 
uncontrollable edema. The cannula became permanent in a VCP case due to 
an infiltrating tumor in which the arytenoid lateropexy had been performed 
during ongoing radiotherapy. Apart from these, the increase of postoperative 
PIF values in both groups supports the immediate efficacy of the procedure. 
The approximately doubled final values also confirm the long-term reliability 
(Table I). This further increase may be explained by the complete or partial 
vocal fold recovery detected in many patients and by the improvement in 
their overall health. Considerable restenosis occurred in only severe PGS 
patients. Even in this case breathing was adequate at rest with strider 
presenting only on effort. Subjectively, the breathing of the patients with 
rheumatoid arthritis also normalized, but the progress in their spirometric 
values was not so remarkable. 
Subjectively, twelve patients' voices improved or approximated normal 
quality due to complete vocal cord recoveries on at least one side after 
lateropexy was ceased. Incomplete recovery with more or less hoarse voice 
was observed in 17 cases. Five patients retained permanent complete 
laryngeal paresis associate with severe aphonia. 
Table I. Early and late spirometric results. 
*1 patient with cannula, 2 intubated patients, and 3 patients with severe
suffocation were not measured. f 3 patients with cannula and 2 patients with 
severe suffocation were not measured. JTemporary tracheostomy for 2 weeks. 
x 1 patient was not decannulated. •At least 8 weeks after the releasing of the 
vocal folds or at least 6 months after the operation in the case of permanent 
VF!. PIF = pea.k inspiratory flow; SD= standard deui.ation 
Bilateral recurrent nerve �aralyses J..n=22; female/male=l 7/5) 
Age PTF (l/s) 
(years) Preop.• Posto_E:x Final results• 
Mean 53.0 1.47 2.39 2.79 
Min./max. 26178 0.5/2. 12 0.78/3.62 1.75/4.0 
SD ±12.4 ±0.42 ±0.78 ±0.67 
Mechanical fixations 
Posterior _g.)ottic stenoses J.n= 1 O; female/male=3171 
Age PJF (J/s) 
_{year� Pre�.e/ Posto_E: Final results•
Mean 45 l.77 2.72 4.04 
Min./max. 28/66 1.25/2.37 1.75/4.37 3.12/5.62 
SD ± 15.65 ±0.45 ±0.83 ±0.98 
Rheumatoid arthritis with ank_rlosis (n= 2; female/male=l/1) 
Sex/Age PIF (l/s) 
Jyeartl Pre�. Post� 12th month 
female/49 1.15 Jl.87 1.75 
male/18 1.85 2.25 2.37 
DISCUSSION 
The simple rotation around the vertical axis, which 1s generally 
considered to be the theoretical basis for simple vocal cord laterofixation 
techniques (7, 8), exists only in standard anatomy textbooks (9) but is not 
found in investigations on the subject. A helical axis close to the vertical has 
been suggested (10, 11). Wang (11) has convincingly demonstrated that 
during abduction the lateral sliding motion of the vocal process is 
simultaneously accompanied by an upward and occasionally slightly 
posterior movement with the arytenoid cartilage turning laterally and 
upward on the cricoid cartilage facet. It is obvious that the lowest resistance 
against the fixating sutures arises if the joint was moved its natural way. 
With our surgical refinement technique a thoroughly mobilized (2, 3) 
arytenoid cartilage can be brought endoscopically to a physiologically 
abducted position with the described tilting maneuver as by the earlier 
effective external arytenoidopexy procedures ( 10). 
vibration may badly affect voice production. This can also be avoided if the 
loops stay on the arytenoid cartilage. The preservation of the fine laryngeal 
structures ensures the reversibility of the procedure to a large extent . 
CONCLUSION 
Endoscopic arytenoid lateropexy, which is designed by the new 
anatomical observations of the cricoarytenoid joint, may serve as a minimally 
invasive, effective, dynamic primary solution for most bilateral VFI. 
Commercial availability of an instrument specially designed for this 
procedure, as the ETGI with the described new way of thread guiding, can 
facilitate this procedure with the rapid and safe creation of fixating loops at 
the proper position. The simple surgical procedure, the great extent of 
reversibility, the easily detectable laryngeal function recovery, and the good 
functional results may simplify the management of these patients with 
usually iatrogenic etiology. 
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MORPHOMETRIC ANALYSIS OF HUMAN LARYNGEAL IMAGES FOR 
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Bilateral vocal cord immobility (BVCI) due to vocal cord paralysis is a life threatening condition, that 
can be managed in numerous  way. Although most of these methods help to avoid tracheotomy, 
anatomical destruction of the vocal fold and irreversibility remain a problem. Moreover, unfavorable 
effect of these methods on voice quality, aspiration, and consequent lower airway complications leads 
to deterioration of  patients’ quality of life.  To  maximize airway restoration in BVCI with minimal long 
term side effect, an Endolaryngeal Thread Guide Instrument (ETGI) was developed in our 
department. With this equipment, Endoscopic Arytenoid Abduction Lateropexy (EAAL) is performed, 
which provides a wide-open glottis by allowing the vocal cords to be kept in an abducted position with 
a double loop suture. The method is reversible and does not result in anatomical destruction. 
Therefore there is a possibility of the vocal cords to have motion due to residual innervation or re-
innervation. 
The aim of the study was to define the ideal size of ETGI blade; to avoid spatial limitation of the method due to disproportion between instrument 
and laryngeal spaces, ETGI blade size was designed after having evaluated cervical CT scans [n=56 male, n=41 female, Caucasian participants, 
51±18 year, (50±17 year in male group, 54±20 in female group] with Picture Archiving and Communication System (PACS). Our measurements 
aimed to assess glottal space, endolaryngeal distances between different anatomical structures and surfaces, density of the thyroid cartilage 
[Hounsfield units (HU)] and compressibility of soft tissue at the level of the thyroid cartilage. Statistical analysis was performed with SigmaStat 4.0 
statistical software (Systat Software Inc, California). Data are expressed in mean ± SD. 
Picture 1: Representative image from our study. Different 
parameters determine the glottic size: 
¾ AP: Antero – posterior length in the midline 
¾ TM: Transverse length at the midpoint of the glottis 
¾ TP: Transverse posterior is a length at the level of the vocal 
process of the arytenoid cartilage 
Picture 2: Representative image from our study. All measurements 
were made in both sides right and left at symmetrical points and 
the density was measured in HU. 
Specific laryngeal distances: 
¾ VP-TC: vocal process -internal lamina of thyroid cartilage 
¾ TC: thyroid cartilage-inter lamina of thyroid cartilage 
¾ TC-Skin: external lamina of thyroid cartilage-surface of the 
skin 
¾ VP-Skin: vocal process -surface of the skin 
Density measurement of the thyroid cartilage: 
¾ DC: density-central: density at the level of anterior angle 
¾ DA: density-anterior: density at the anterior one third of the 
lamina 
¾ DC: density-posterior: density at the level of vocal process.
Figure 1:Parameters 
of the glottic opening: 
AP-anteroposterior, 
TM-transverse 
midpoint and TP-
transverse posterior 
length. Data is 
expressed in mm. 
Light grey boxes 
represents male, dark 
boxes represents 
female group. * Level 
of significance: 
p=0.001 
Figure 2.: Density 
of the thyroid 
cartilage (central-
DC, anterior-DA 
and posterior-DP ) 
Light grey boxes 
stand for male, 
dark boxes stand 
for female group, 
left and right sides.  
*Level of 
significance:
p=0.001 
A B 
Figure 3.: 3A: Distribution (grey boxes and black curve) of tissue thickness i.e. distance between the 
surface mucosa of the vocal process to skin surface. Average thickness is shown with red line 
(mean) and box (standard deviation i.e. SD). 3B Distribution of tissue thickness i.e. distance between 
the surface mucosa of vocal process to skin surface with and without soft tissue compression. Full 
lined curve indicates thickness distribution without compression of surface soft tissue. External 
compression of surface soft tissue shifts the distribution to the left and reduces average tissue 
thickness, marked with red line and box (mean ±SD). Based on the results, length of the ETGI 
blades determined (41 mm and 55 mm) shown with blue line on picture A and dotted line on picture 
B. With tissue compression, 90% of the cases can be solved with a 41 mm and 99% with a 55 mm 
blade (without compression this ratio is 69% with 41mm and 94%). 
¾ male glottis proved to be significantly larger than the female glottis
¾ although the blade trajectory from the vocal process to the skin was equal in both genders, the distance
between the vocal processes to the internal lamina of TC was longer in males (non-compressible), while neck
soft tissue (compressible) was significantly thicker in females
¾ on the basis of our measurements, two blade sizes were developed: a 41 mm in length for female patients 
with higher compressibility and a 55 mm in length for male patients. Without tissue compression, 69% of all
cases can be treated with the 41 mm and 90% with the 55 mm blade. With compression, this ratio is 90% and
99%, respectively
A new thread guide instrument for endoscopic arytenoid lateropexy. (Rovó et. al. 2010 Laryngoscope) 
Comparison of endoscopic techniques designed for posterior glottic stenosis--a cadaver morphometric study. (Sztanó et. al. 2014. 
Larynoscope) 
A comparison between transoral glottis-widening techniques for bilateral vocal fold immobility. (Szakács et. al. 2015) 
55mm 41mm 
